
Journal of Physical and Chemical Reference Data 22, 1469 (1993); https://doi.org/10.1063/1.555940 22, 1469

© 1993 American Institute of Physics for the National Institute of Standards and Technology.

Evaluated Bimolecular Ion-Molecule Gas
Phase Kinetics of Positive Ions for Use in
Modeling Planetary Atmospheres, Cometary
Comae, and Interstellar Clouds
Cite as: Journal of Physical and Chemical Reference Data 22, 1469 (1993); https://
doi.org/10.1063/1.555940
Submitted: 01 December 1992 . Published Online: 15 October 2009

Vincent G. Anicich

ARTICLES YOU MAY BE INTERESTED IN

Evaluated Chemical Kinetics Data for Reactions of   and  in the Gas Phase

Journal of Physical and Chemical Reference Data 28, 1453 (1999); https://
doi.org/10.1063/1.556043

Cross Sections for Electron Collisions with Nitrogen Molecules
Journal of Physical and Chemical Reference Data 35, 31 (2006); https://
doi.org/10.1063/1.1937426

Gas phase reactions of some positive ions with atomic and molecular hydrogen at 300 K
The Journal of Chemical Physics 106, 3982 (1997); https://doi.org/10.1063/1.473116

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/222900553/x01/AIP/HA_WhereisAIP_JPR_PDF_2019/HA_WhereisAIP_JPR_PDF_2019.jpg/4239516c6c4676687969774141667441?x
https://doi.org/10.1063/1.555940
https://doi.org/10.1063/1.555940
https://doi.org/10.1063/1.555940
https://aip.scitation.org/author/Anicich%2C+Vincent+G
https://doi.org/10.1063/1.555940
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.555940
https://aip.scitation.org/doi/10.1063/1.556043
https://doi.org/10.1063/1.556043
https://doi.org/10.1063/1.556043
https://aip.scitation.org/doi/10.1063/1.1937426
https://doi.org/10.1063/1.1937426
https://doi.org/10.1063/1.1937426
https://aip.scitation.org/doi/10.1063/1.473116
https://doi.org/10.1063/1.473116


Evaluated Bimolecular lon-Molecule Gas Phase Kinetics of Positive Ions 
for Use in Modeling Planetary Atmospheres, Cometary Comae, 

and Interstellar Clouds 

Vincent G. Anicich 
Jet Propulsion Laboratory, 4800 Oak Grove Ddve, Pasadena, CA 91109 

Received December 1, 1992; revised manuscript received May 14, 1993 

Recommendations of reaction rate coefficients and product distributions for 
bimolecular positive ion-molecule rea'ctions of importance in planetary atmo
spheres, cometary comae, and interstellar clouds are presented. Two publications 
Anicich and Huntress, Astrophys. J. Suppl. Ser. 62, 553 (1986) and Anicich, Astro
phys. J. Suppl. Ser. 84, 215 (1993) served as the basis for this evaluation, which 
covers the literature from 1965 through 1991 with some additional citations missed 
in the original surveys. 
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1. Introduction 

Anicich and Huntress l published a comprehensive sur
vey of bimolecular ion-molecule reaction kinetics in 1987, 
for use in modeling the chemistry of planetary atmo
spheres, cometary. comae, and interstellar clouds. Then 
Anicich2 published a supplement to that original survey 
of ion-molecule reaction kinetics, which ext~m.1eu th~ 
survey's coverage to include published data through 1991. 

While these surveys cover a wide range of chemical 
species, the stllveys are not complete. The chemical spe
cies reported were limited to those thought to be present 
as a result of ionic processes taking place in planetary at
mospheres, cometary comae, and interstellar clouds. 
They also were limited to bimolecular positive ion
molecule reactions occurring at thermal energies below 
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1000 K. Over the years the number of species of interest 
has expanded. This reflects the increasing complexity of 
ions and neutrals that models and observations have 
shown to be present in these environments. 

In the original surveys no attempt was made to evalu
ate the data on each reaction. The surveys included all 
citations on each reaction of interest. The majority of re
actions have been reported only a single time. Thirty two 
percent of the reactions have been measured on the aver
age of 3.17 times each. The foUowing list of reactions 
have been measured more than ten times each. 

Ht/N2 He+/Nz 
NHt 1Hz Ni 1H2 
Ar+ 1H2 Ar+ /N2 

He +/02 

Ni/02 
Ar+/02 

N+/Hz N+/02 N+/CO 
0+/N2 0+/02 Ot/CH4 

Ar+/CO 

This illustrates the importance of these sixteen reac
tions in the Earth's atmosphere. Even in heavily studied 
reactions, there are many disagreements between the var
ious investigations. 

2. This Evaluation 

The intent of this compilation is to present a ready 
source of evaluated gas phase kinetics data on bimolecu
lar reactions between positive ions and neutrals. It is 
expected that this wi1l be of interest to those researchers 
that only want a single set of data, without multiple en
tries. An example would be a modeler that needs a data 
base of kinetic data. Another example is a researcher that 
would like a short listing of the data without having to 
read over the whole history of the reactions measure
ments. The Table of Reactions lists the reactants and 
their products. ordered by reactant ions. It includes the 
total reaction rate coefficient, product distributions 
(branching ratios), and references for each reaction. 
Since the two Surveysl,2 are the basis for the Table of Re
actions, this compilation is therefore restricted to the 
same limited number of species as the data base used for 
input. For most reactions a simple average of the existing 
data gavc a mean of the reaction rate coefficients where 
none of the individual measurements were significantly 
different from that average value. In these cases the per
cent error is the statistical value. There were many cases 
where it was important to consider the following addi
tional information: 

(1) accuracy of the measuring technique 
(2) thermodynamics of the reaction 
(3) characteristics of the ion source 
(4) ~Il~rg~tks uf lh~ iun uptics 
(5) history of the research field. 

A few reactions required special comments, which are 
presented in "Notes on the Reactions" for all cases 
where a value is reported that is not a simple average of 
all of the data. Reactions that have notes in "Notes on 
the Reactions" have a superscript b (b) in the footnotes 
column. 
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The Table of Reactions then is a comprehensive source 
for the reported results of positive ion-molecule bimolec
ular kinetics. For all reactions that show more than one 
reference in the Table of Reactions the reported num
bers are 'evaluated' results. There are one thousand nine 
hundred and six reactions listed, of which seventy seven 
percent had measured Tate coefficients and twenty per
cent had only upper limits to rate coefficients. 

For reactions involving more exotic species that are not 
covered in the present evaluations, the reader is referred 
to the compilation by Ikezoe et al.3 The Ikezoe listing in
cludes bimolecular and termolecular reaction rate coeffi
cients for both positive and negative ions, but no 
recommendations were presented where multiple mea
surements for a single reaction are reported in the litera
ture. 

The reader is cautioned that the neutral products re
ported are not directly observed in these experiments. 
Neutral products are inferred from atomic balance con
siderations and the assumption that the reactions are 
exothermic. 

3. Bimolecular Reactions 

Since the scope of this compilation is bimolecular reac
tions, some definitions are required. The word "bimolec
ular" in this study refers to second-order reactions in the 
zero pressure limit. This excludes the "pseudo-bimolecu
lar" process which is sometimes observed in flow tube 
and drift tube experiments that operate at the relatively 
high pressures between 0.2 and 0.8 Torr. 'Pseudo-bi
molecular' processes have the same concentration depen
dence as bimolecular processes, but are actual1y 
saturated termolecular processes (high pressure limit). 
The termolecular process becomes saturated when the 
pn:~ssun:~ uf th~ n~uLrals g~ls so high that the lifetime of 
the col1ision complex is longer than the time between col
lisions. Then the collision complex will always suffer a 
coJIision with a third body and be stabi1ized before disso
ciation of the collision complex can occur. This has the 
effect of reducing the order of the reaction from third to 
second. By comparing low pressure results and high pres
sure results, several "pseudo-bimolecular" processes 
were identified and eliminated from the Table of Reac
tions. Due to the lack of published measurements, there 
probably still are "pseudo-bimolecular" processes re
maining in the Table of Reactions. Moreover, the radia
tive association reaction, a true bimolecular process, is 
very similar to the saturated collision-stabilized associa
tion reaction. Flow tube measurements cannot distin
guish between the former and the latter. Where there are 
results from other techniques that operate at lower pres
sures this ambiguity can be resolved. At the present time 
radiative association reactions have not been clearly de
tected under the conditions of flow tube experiments. 
Consequently, where no lower pressure experiments have 
been performed, flow tube association reactions have 
been included in the Table of Reactions for complete-

ness. This covers the possibiJity of the reaction being a 
fast radiative association reaction which has no compet
ing termolecular process. 

4. Termolecular Reactions 

There are several environments in the solar system in 
which termolecular reactions will be competitive with bi
molecular reactions. Recent laboratory results4-6 have 
shown that termolecular reactions can be important in 
ion-molecule chemistry, down to a pressure regime of 
about 10-5 Torr, i.e. have reaction rate coefficients as 
large as 10-21 cm6/s. Therefore, users of the Table of Re
actions may need to know which ion-molecule reactions 
have known termolecular channels. While this evaluation 
does not cover termolecular processes, the Table of Re
actions has been annotated to indicate the 'existence of 
known termolecular reactions. 

For estimating the importance of termolecular reac
tions in a given chemical system, it would be interesting 
to know, how prevalent are termolecular reactions com
pared to bimolecular reactions? As a preliminary indica
tion we can compare the numbers of reported reaction 
rate coefficients. In the 1987 survey of Ikezoe et al. 3 of 
both bimolecular and termolecular reactions between 
positive ions and neutrals, less than one fourth of the re
actions reported have reported termolecular channels. Of 
the reaction set listed in the Table of Reactions that are 
important to modeling of planetary atmospheres, etc. 
only one sixth have termolecular channels. 

There is a known statistical problem with this compari
son. The termolecular reactions listed by Ikezoe et al. 3 

have reported reaction rate coefficients in the range of 
7 x 10-23 to 2 X 10- 32 cm6/s. The major source of these 
data is flow-tube experiments, which have an upper limit 
of 10-26 cm6/s for measuring three body processes. This is 
a result of the pressure regime and the flow time. Ter
molecular reactions that have reaction rate coefficients 
faster than 10-26 cm6/s appear to have only bimolecular 
pressure dependence with the flow-tube technique. 
These are then the "pseudo-bimolecular" or saturated 
reactions. The flow tube experimental papers report 
many "pseudo-bimo]ecular" rate coefficients. One hun
dred and six reactions of this type can be found in the 
1986 surveyl and the 1993 supplement,2 that have adducts 
as products and were measured using a flow tube tech
nique. The majority of these have been included in the 
Table of Reactions as termolecular reactions. These one 
hundred and six reactions represent three body reactions 
whose rate coefficients are greater than 10-26 cm6/s. 
When these reactions are included the rate coefficient 
distribution will be changed, but the increase in number 
of termolecular channels will only be about thirty three 
percent. The rough conclusion then is, relatively fast ter
molecular reactions are less than one twelfth as abundant 
as the bimolecular reactions. 

In summary, three-body processes can be fast enough 
to be competitive with two-body processes in some plan 
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etary and cum~tary ~Ilvirunm~nl:s wh~r~ pr~s:sures of 
10-5 Torr are reached. Pressures are always too low in 
interste11ar clouds to make three-body processes compet
itive. 

5. Notes on the Tables 

The ordering of chemical species used in this work can 
be seen in the Table of Contents listing of ions in the 
Table of Reactions. The elements and their hydrides are 
listed first,' in ascending order of their atomic numbers. 
This includes more than three-quarters of the entries. 
The combinations of the elements are listed next. The 
lowest atomic number (other than hydrogen) is used for 
the primary ordering. The next lowest atomic number ,in 
the species is taken as the secondary ordering criteria, 
etc. This ordering form is found to be convenient in deal
ing with astrophysical problems. In this form the more. 
abundant species are in the front of the listing. Also, in 
following a progression of chemical reactions it does not 
require as much flipping around as an alphabetical 
listing. 

Isotopic exchange reactions are noted explicitly in the 
Table of Reactions when the chemical notation is simple. 
Other isotopic studies are noted as symmetric reactions, 
in which, the reactants and products are the same. To dis
tinguish these from the other reactions they have been 
preceded by an asterisk (*). The referenced works iden
tify the isotopes used in these studies. 

The existence of measured termolecular reactions in
volving reaction pairs of interest to this work are reported 
in the Table of Reactions. These termolecular reactions 
are recognized by the reaction arrows that have a capital 
M written above them, indicating M as the third body. It 
was thought that it would be of interest to the reader how 
many of the reactions in the Table of Reactions had mea
snrable three-body reaction rate coefficients. Usually, 
three-body reactions have measurable rates in the flow 
tube experiments only when there is not a measurable 
two-body reaction. The converse is also true, two-body 
reactions have measurable rates in the flow tube experi
ments only when there is not a measurable three-body re
action. Since the three-body reaction rate coefficients are 
very dependent on the third body, no attempt was made 
to report a value of the rate coefficients of the three-body 
reactions. 

The temperature of all data are referenced to 300 
kelvins. A few data are for other temperatures. The tem
perature of these reactions are noted in the Footnotes 
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columB. If the data wen; r~purled fur a rang~ of temper
atures, a superscript a e) has been placed in the Foot
notes column. The references that contain the 
temperature studies have been underlined for identifica
tion. There are other energy studies in the literature be
sides these temperature studies which are not recognized 
here. These other studies involve reactant ion transla
tional energies and maybe of interested to some. 

The references in the Table of Reactions have been as
signed a four digit number. The first two digits of the ref
erence number are the last two digits in the year of its 
pubJication. The second two digits are a reference num
ber for the year. For example, 7809 is the ninth reference 
in the list of publications appearing in the year 1978. The 
full citation for the reference numbers used in the Table 
of Reactions are listed in the List of References numeri
cally by the reference number. If a set of measurements 
are cited in more than one place, the various references 
have been listed under a single reference code. 

Reactions that have notes in "Notes on the Reactions" 
have a superscript b (b) in the footnotes column. 
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8. Table of Reactions 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

H+ + Hz -,) No Reaction < 1.00 x 10- 12 7107 
~ Adduct 8632 

H+ -t. HD -,) D+ + H2 1.00 1.70 X 10- 10 ±20% 8109 

H+ + D2 -,) D+ + HD 1.00 3.60 x 10- 10 ±20% 8212 8109 7421 

H+ + Na No Reaction < 1.00 x 10- 10 8919 

H+ + ClL -,) CHt + Hz 0.82 4.15 x 10-9 ±10% 8421 7401 

CHt + H 0.18 

H+ + CzH/i -,) C2Ht + Hz + Hz 3.90x 10-9 ±20% 8117 
CzHt + Hz + H 
C2Ht + Hz 

H+ + NH3 NHt + H >0.95 5.20 x 10-9 ±10% 7401 

H+ + 0 0+ + H 1.00 3.75 X to-Ill ±50% 7201 

H+ + H2O H2O+ + H 1.00 8.20 x 10- 9 ±10% 7401 

H+ + O2 Oi + H 1.00 1.17 X 10- 9 ±10% 7401 

H+ + H2S -,) Products 1.00 7.60 x 10-9 ±15% 7714 

H+ + HCl HCl+ + H 1.00 1.30 X 10- 9 ±20% 8502 

H+ + HCN HCN+ + H 1.00 1.10x to-I! ±20% 8512 7701 ab 

H+ + CO2 -,) HCO+ + 0 1.00 3.80 x 10-9 ±20% 8018 7101 

H+ + NO -,) NO+ + H 1.00 1.90 X 10-9 ±30% 7201 

D+ + H:J -,) H+ + HD 100 140x 10-9 +?O% R1.12 810C) 74?1 ab 

D+ + HD -,) H+ + D2 1.00 9.50x to- 1O ±20% 8109 

D+ + D;: M Adduct 8632 

D+ + ClL CHt + HD 0.57 3.50 x 10-9 ±10% 8421 
CH2D+ + H2 0.21 
CH.t + D 0.21 

D+ + 0 -,) 0+ + D 1.00 2.80 x 1O-1CI ±SO% 8008 

0+ + COz. COt + D 1.00 3.50x 10-9 ±10% 8018 

Hi + H H+ + H2 1.00 6.40 X to-HI ±20% 7901 

H2' + H2 Hl + H 1.00 2.00 x 10- 9 ±10% 9120 8631 8621 
7520 7404 7212 
7211 

Hi + V 2 -,) H21)"'- + 1) 3.2UX 10- 9 ±2UO/O 7212 
HDi + H 

H+ 2 + He -,) HeH+ + H 1.00 1.35 X 10-H) ±10% 9121 7603 7404 

Hi + CH4 -,) CHt + Hz +H 0.60 3.80 x 10- 9 ±1O% 7503 
CRt + Hz 0.37 
CHt + H <0.03 

J. Phys. Chern. Ref. Data, Vol. 22, No.6, 1993 



1474 VINCENT G. ANICICH 

Table of Reactions - Continued 

Reactjons Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Hi + C2H2 ~ C2Hi + H2 0.91 5.30 x lO-9 ±10% 7503 
C2Ht + H 0.09 

Hi + C2H4 C2Hi + H2 + H2 0.18 4.90 x lO-9 ±10% 7503 
C2Hj'" + H2 +H 0.37 
C2Ht + H2 0.45 

Hi + C2H6 C2Hi + H2 + Hz + H2 0.04 4.90 x lO-9 ±10% 7503 
C2Ht + H2 + Hz +H 0.14 
C2Ht + H2 + H2 0.48 
C2Ht + H2 +H 0.28 
CzHt + H2 0.06 

Hi + NH3 ~ NHj'" + H2 1.00 5.70x 10-9 ±10% 7503 

Hi + N2 N2H+ + H 1.00 2.00 x lO-9 ±10% 7503 7423 6907 

Hi + H2O ~ H20 + + H2 0.53 7.30 x lO-9 ±10% 7503 
H30 + + H 0.47 

Hi + O2 ~ Oi + H2 0.29 2.70 x lO-9 ±10% 7503 
HOi + H 0.71 

Hi'" + Ne ~ NeH+ + H 1.00 2.30 x 10- 10 ±10% 7603 

Hi + Na ~ Na+ + H2 1.00 1.60 x lO-9 ±30% 8919 

Hi + H2S ~ S+ + H2 + Hz 0.18 4.30 x lO-9 ±1O% 7503 
HS+ + Hz +H 0.20 
H2S+ + H2 0.62 

Hi + Ar ~ ArH+ + H 1.00 2.lOx lO-9 ±10% 9034 7620 6907 

Hi +Kr ~ Kr+ + Hz 0.23 3.00 x lO-\I ±10% 7620 
KrH+ + H 0.77 

Hi + Xe ~ XeH+ + H 1.00 2.40 x lO-9 ±lO% 7620 

Hi + CO ~ HCO+ + H 0.77 2.90 x lO-9 ±10% 7503 7423 7207 

Hi + CO2 ~ HCOi + H 1.00 2.35 X lO-9 ±10% 7608 7423 7211 
7207 

Hi + CS2 ~ HCSi + H 1.00 3.00 x lO-1O ±50% 7414 

Hi + N20 ~ N2H+ + OH 0.37 2.lO x lO-9 ±60% 7423 7210 
HN2O+ + H 0.63 

Dt + D ~ D+ + D2 1.00 5.00 x lO-1O ±lO% 7901 

Dt + H2 ~ H2D+ + D 3.00 X lO-9 ±20% 7212 
HDt + H 

Dt + D2 ~ Dj'" + D 1.00 1.60 x lO-9 ±5% 7212 

Di + He ~ HcD+ + D 1.00 1.15xl0- to ±lO% 7603 

Dt + N2 ~ N2D+ + D 1.00 1.61 X lO-9 ±1O% 6907 

Di + Ne ~ NeD+ + D 1.00 1.70 x 10- 10 ±10% 7603 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Dt + SiH4 ~ HDt + SiH3 0.02 7720 
Si+ + D2 + H2 + H2 0.04 
SiH+ + Dz + H2 +H 0.04 
SiHt + D2 + H2 0.22 
SiHt + D2 +H 0.68 

Dt +Ar ~ Ar+ + D2 0.13 1.50 x 10-9 ±20% 7620 7013 6907 

ArD+ + D 0.87 

Dt +Kr ~ Products 1.00 2.30 x 10-9 ±10% 7620 

Dt + Xe ~ XeD+ + D 1.00 1.50 x 10-9 ±15% 7620 

Ht + Hz M Adduct 8632 

Ht + HD ~ H2D+ + Hz 1.00 1.10 x 10-9 ±20% 8105 

Ht + C~ ~ CHt + H2 1.00 2.40 x 10- 9 ±20% 8926 8006 7405 ab 

7005 

Ht + C2H2 ~ C2Ht + H2 1.00 3.20x 10- 9 ±25% 7713 7405 7005 

Ht + C2H4 ~ C2Ht + H2 + H2 0.70 2.90 x 10- 9 ±20% 8208 7616 7405 

C2Ht + Hz 0.30 

Ht + C2H6 ~ C2Ht + H2 + H2 1.00 2.90x 10- 9 ±2S% 8117 7405 7316 
7005 

Ht + N ~ NH+ + H2 -0040 6.50 x 10- 10 ±10% 7714 
NH{ + H -0.60 

Ht + NH3 ~ NHt + H2 1.00 4.40 x 10-9 ±10% 8926 7516 7415 ab 

7405 7005 

HI + N2 ~ N2H'" + H2 1.00 1.86 X 10- lI ±10% 8926 8323 8208 al> 

8006 7602 7514 
7505 7423 7310 
7005 6907 

Ht + 0 OH+ + H2 8.00 x 10- 10 ±5D% 7604 
H2O+ + H 

Ht + H2O ~ H30+ + Hz 1.00 5.30x 10- 9 ±25% 7510 7405 7005 

Ht + O2 ~ Hot + H2 1.00 6.70 x 10:"'10 ±10% 8414 8006 7514 ab 

M 
7505 7312 

Adduct 8632 

Ht + Na ~ Na+ + H2 +H 1.00 2.10xlO-9 ±30% 8919 

HI + H2S ~ H3S'" + H2 1.00 3.70 x 10-')1 ±10% 8926 7507 7405 

Ht + HCI H2CI+ + H2 1.00 3.60 X 10-9 ±10% 8623 8511 8502 

HI + Ar ~ ArH'" + H2 1.00 3.65 X 1O- 1ll ±10% 7104 6907 

M Adduct 8632 

Ht +Kr ~ KrH+ + Hz 1.00 1.10 X 10- 9 ±1O% 8006 

Ht + HCN ~ HCNH+ + H2 1.00 7.50 x 10- 9 ±1O% 8512 7719 7714 
7704 7605 
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Table of Reactions - Continued 

Ht 

Ht 

Ht 

Ht 

Ht 

Ht 

Ht 

Ht 

Ht 

Ht 

Ht 

Ht 

H3" 

Ht 

H3" 

Hot 

Dt 

Dt 

Dt 

Reactions 

+ CH3NHz ~ CHt 
CH2NHt 
CH3NHt 
CH3NHt 

\" I 

+ CO 

CHCCNH+ 

~ HCO+ 
. HOC+ 

CHt 
CH20H+ 
CH30Ht 

~ HCOt 

+ CH3SH ~ CH2SH + 
CH3SH+ 

+ CS2 

+ NO 

+ N02 

+ S02 

+ COS 

+ HD 

+ CO 

+ HD 

+ H2 

+ D2 

~ HCSt 

NO+ 

NOt 

~ HSOt 

~ HCOT 
HCOS+ 

~ HDt 

~ Products 

~ Allum;l 

Products 
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+ NH3 + H2 
+ Hz + H2 
+ Hz + H 
+ H2 

+ H2 

+ Hz 
+ H2 

+ H2 

+ H20 + H2 
+ Hz + Hz 
+ Hz 

+ H2 

+ CO + Hz 
+ H20 + H2 

+ Hz 

+ OH + Hz 
+ Hz + H 

+ HD 

+ HD 

+ Dz 

Prod. Rate Const. 
Dist. (cm3 /s) 

0.01 
0.76 
0.07 
0.16 

Ref. 

7316 

1.00 8.90 X 10-9 ± 25% 7719 7605 

1.00 9.80 X 10- 9 ± 30% 8412 7911 

1.00 2.80 x 10- 9 ±25% 8412 7719 

0:94 
0.06 

1.85 x 10-9 ±25% 8926 
8105 
7423 

>0.99 6.30 x 10- 9 ±25% 7906 

8310 
8006 
7005 

0.46 2.90 x 10- 9 ± 20% 7619 7316 
0.28 
0.26 

8208 
7505 

1.00 2.50 x 10-9 ±35% 8208 7423 7005 

0.30 5.00 x 10- 9 ± 30% 7821 7818 
0.70 

1.00 6.80 X 10- 9 ± 30% 7818 

0.98 
0.02 

7316 

1.00 2.00 x 10- 9 ±25% 8208 

1.00 1.25 X 10-9 ±25% 8208 7005 

0.99 7.00 x 10- 10 ±30% 7005 
0.01 

1.00 2.50x 10-'1 ±40% 8208 7423 

1.00 1.30 x 10- 9 ±25% 8926 8208 

<0.10 1.90 x 10-'1 ±25% 8208 
>0.90 

1.00 5.60xlO-J!I ±20% 8105 

1.00 2.60xlO- JO ±10% 7611 

1.00 1.60 x 10-9 ±20% 8105 

1.00 3.50xlO- 1O ±1O% 7611 

1.00 4.00xlO- JO ±20% 7615 

8632 

>0.98 2.40 x 10-9 ±25% 7501 

1.00 3.60 x 10 ') ::!: 20% 7406 7403 

1.00 7.49 X lO-lO ± 10% 6907 

7005 

Footnotes 

ab 

ab 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Dj" + O2 ~ DOl + D2 1.00 5.20 x 10- 10 ±2S% 8414 8006 

Dt + SiH4 ~ SiHt + D2 + HD 1.00 7720 

\, , 
:Dt +Ar ~ ArD+ + D2 1.00 2.90 x 10- 10 ±90% 7612 6907 

Dt + Mg ~ Mg+ + D2 +D 1.00 1.50 x 10-9 ±20% 7710 T=623 

He+ + H2 ~ H+ + H + He 0.83 1.00 x 10- 13 ±20% 8921 8725 8626 ab 

Ht + He 0.17 8004 7603 7407 
7404 7003 

~ Products 8632 

He+ + HD ~ No Reaction < 2.00 X 10- 14 8725 

He+ + D2 D+ + D + He 1.10 x 10- 14 ±20% 8725 8004 7407 ab 

Dt + He 
HeD+ + D 

*He+ + He ~ He+ + He 1.00 5.00 x 10- 10 ±1O% 9028 7411 

M Adduct 8632 

He+ + CH4 ~ H+ + CH3 + He 0.27 1.63 x 10-9 ±11% 8317 7908 7801 
CH+ + H2 +H + He 0.15 7702 7602 7402 
CHt + H2 + He 0.52 7003 
CHt + H + He 0.05 
cm + He 0.02 

He+ + C2H2 ~ CH+ + CH + He 0.22 3.50x 10- 9 ±10% 7502 
ct + H2 + He 0.46 
CzH+ + H + He 0.25 
C2H:t + He 0.07 

He+ + C2H4 CHt + CH2 + He 0.12 3.40 x 10-9 ±1O% 7502 
C2H+ + Hz +H + He 0.13 
CzHt + Hz + He 0.64 
CzHt + H + He 0.05 
CzHt + He 0.07 

He+ + CzH6 C2Ht + Hz + Hz + He 0.28 2.90 x 10-9 ±10% 8317 7502 
C2H3+ + Hz +H + He 0.58 
CzHt + H2 + He 0.14 

He+ + NH3 NH+ + Hz + He 0.08 2.00 x 10-9 ±1O% 8524 7515 7502 ab 

NHt + H + He 0.80 7003 
NHt + He 0.12 

He+ + Nz - N+ + N + He 0.60 1.30 x 10-9 ±15% 8927 8523 8514 
Nt + He 0040 7908 7702 7602 

7515 7417 7003 
7001 6905 6803 
6801 6601 

He+ + H2O H+ + OH + He 0.37 5.00 x 10- 10 ±15% 8823. 8524 7801 ab 

OH+ + H + He 0.52 7502 7202 7006 
HzO+ + He 0.11 

He+ + D20 D+ + OD + He 8823 
OD+ + D + He 

He+ + Oz - 0+ + 0 + He 0.97 1.00 x 10-9 ±1O% 8523 8514 7908 ab 

at + He 0.03 7907 7702 7602 
7003 7001 6905 
6601 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

He+ + Ne ~ Ne+ + He + hv 0.83 1.20 x 10- 15 ±30% 8306 7815 7317 

HeNe+ + hv 0.17 

He+ + SiH4 ~ Si+ + He + H2 + H2 0.56 2.35 x 10- 9 ±40% 9002 
SiH+ + He + H2 +H 0.38 
SiHt + He + H2 0.04 
SiHt + He + H 0.03 

He+ + H2S ~ S+ + H2 + He 0.82 4.40 x 10-9 ±15% 8703 7502 ab 

HS+ + H + He 0.11 
H2S+ + He 0.07 

He+ + HCl Cl+ + H + He 1.00 3.30 x 10-9 ±15% 8703 7307 ab 

He+ + Ar No Reaction < 1.00 X 10- 13 7317 7003 6601 

He+ + HBr Br+ + H + He 1.00 3.20 x 10- 9 ±15% 7307 

He+ +Kr ~ No Reaction < 1.00 x 10- 11 7003 

He+ + Xc ~ Xe+ + He 1.00 7.00 x 10- 12 ±20% 8213 7003 

He+ + Hg ~ Hg+ + He 1.00 2.10x 10-9 ±20% 8016 7317 

He+ + HCN C+ + NH + He 0.25 3.30x 10-9 ±10% 7704 7701 
N+ + CH + He 0.07 
CH+ + N + He 0.21 
CN+ + H + He 0.47 
HCN+ + He <0.01 

He+ + HC3N ~ C2H+ + CN + He 0.28 7.70 x 10-9 ±20% 8518 8509 7911 
C3H + + N + He 0.05 
C::N+ + CH + He 036 
C3N+ + H + He 0.31 

He+ + CO ~ C+ + 0 + He 1.00 1.60 x 10- 9 ±10% 8523 8514 7702 
0+ + C -I- He <0_01 7515 7003 6601 
CO+ + He <0.01 

He+ + CO2 ~ C+ + O2 + He 0.02 1.00 x 10-9 ±25% 8927 8317 7702 
0+ -I- CO + He 0_14 7602 7515 7003 
CO+ + 0 + He 0.78 6601 
cot + He 0.05 

He+ + CHOOH -. HCO+ + OH -I- He 4.lOx 10-9 ±30% 7821 
HCOt + H + He 
CHOOH+ + He 

He+ + NO N+ + 0 + He 0.93 1..15 x 10- 9 =15% 7702 7003 6601 
0+ + N + He 0.07 

He+ + N20 --l> N+ + NO + He 0.13 2.30 x 10- 9 ±1O% 8930 8822 7702 
0+ I Nt I He 0.12 
Nt + 0 + He 0.54 
NO+ + N + He 0.21 
N2O+ + He <0.01 

He+ + S02 --l> S+ + O2 + He 0.21 4.30x 10-9 ±20% 8703 7302 ab 

SO+ + 0 + He 0.69 
SOt + He 0.10 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3js) 

HeH+ + H Hi + He 1.00 9.1Ox 10- 11) ±30% 7901 

HeH+ + H2 Ht + He 1.00 1.77 x 10-9 :t20% 8006 7407 7404 
7008 

HeH+ + C2~ ~ C2Ht + He + H2 0.75 2.80 x 10-9 ±20% 7610 
C2Ht + He +H 0.25 

HeH+ + C2H6 ~ C2Ht + He + Hz + H2 2.10 X 10-9 :t20% 8117 
C2H.t + He + Hz 

HeH+ + N2 NzH+ + He 1.00 1.70 x 10-9 ±20% 7602 

HcH+ + O2 ~ HOi + He 1.00 1.10 x 10-9 ±20% 8006 

HeH+ + Ne ~ NeH+ + He 1.00 1.25 X 10-9 ±50% 9130 

HcH+ +Kr KrH+ + He 1.00 1.20 x 10-9 :t20% 8006 

Hei + H2 Products 1.00 5.30 X 10- 111 ±30% 7008 T=200 

~ Products 8632 

Hei + C~ ~ Products 8632 

Hei + C3Hg ~ Products 8632 

Hei + NH3 ~ Products 8632 

Hei + N2 ~ Ni + He + He 1.00 1.20 X 10-9 ±30% 7417 6804 ab 

~ Products 8632 

He! + H2O ~ Products 8632 

Hei + O2 
M Products 8632 ~ 

He! + Ne ~ Ne+ + He + He 1.00 1.40 x 10- 10 ±30% 6804 
M Products 8632 

Hei + HCI M Products 8632 

Hei + Ar M Products 8632 

He! +Kr M Products 8632 

Hei + Hg ~ Hg+ + He + He 1.00 4.50x 10- 10 ±20% 8016 

Hei + CO M Products 8632 

Hei + CO2 M Products 8632 

Hei + NO M Products 8632 

Hei + NOz M Products 8632 

Hei + NzO M Products 8632 ~ 

B+ + H2 ~ No Reaction < 2.00 x 10- 14 9008 

B+ + HD ~ No Reaction < 2.00 x 10- 14 9008 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

C+ + H2 -? CH+ + H 1.00 1.20 x 10- 16 ±75% 8707 8607 8602 ab 

8307 8014 7905 

M Products 
7705 
8632 

C+ + HD -? CH+ + D 0.17 1.20xlO- lf; ±75% 8607 
CD+ + H 0.83 

C+ + D2 CD+ + D 1.00 2.30 x 10- 17 ±75% 8607 8602 

M Products 8632 

C+ + C~ ~ CzH{ + H2 0.28 1.30 x 10- 9 ±1O% 9029 8207 8012 ab 

CzHt + H 0.72 7905 7705 7617 
7601 7012 7010 

C+ + C2H2 -? C3H+ + H 1.00 2.63 X 10-9 ±1O% 8624 8207 8012 

C+ + C2H4 ~ CzHt + CH 0.08 1.50 x 10-9 ±30% 8309 8207 7617 
CzHt + C 0.15 
C3H+ + Hz + H 0.05 
C3Ht + H2 0.29 
C3Ht + H 0.42 

C+ + CZH6 C2Ht + C~ 0.05 1.65 x 10-9 ±30% 8309 8207 7617 
C2Ht + CH3 0.30 
CzHt + CHz 0.07 
CzHt + CH 0.14 
C3Ht + H2 + Hz 0.01 
C3Ht + H2 + H 0.43 

C+ + NH3 ~ NHt + C 0.32 2.30 x 10-9 ±10% 8524 8012 7905 ab 

HCN+ + Hz 0.05 7707 7704 7601 
HCNH+ + H 0.63 7412 

C+ + Nz ~ No Reaction < 2.00 x 10- 14 9104 7705 

C+ + HzO ~ H2O+ + C 0.10 2.40 x 10-9 ±15% 8710 8524 7905 ab 

HOC+ + H 0.90 7705 7601 7202 

C+ + Oz ~ 0+ + CO 0.60 8.70x 10- 10 ±15% 9029 8814 8811 ab 

CO+ + 0 0.40 8409 7905 7705 
7602 7601 6602 

C+ + SiH4 -? Si+ + C~ 0.06 4.40 x 10-9 ±20% 7319 
SiH+ + CH3 0.08 
SiHi + CH, 0.14 
SiHt + CH 0.61 
HCSi+ + H2 +H 0.03 
CH2Si+ + H2 0.08 

C+ + HzS -? HzS+ + C 0.27 1.80 x 10-9 ±1O% 8703 7803 7601 
HCS+ + H 0.73 7507 

C+ + HCl CCl+ + H 1.00 1.00 x 10-9 +20% 9015 R7m R50? 
7601 

C+ + HCN -? CzN+ + H 1.00 2.95 X 10-9 ±15% 9015 8624 8512 
8012 7704 7601 

C+ + CH3NHz -? CHt + HCN + H 0.01 3.20x 10- 9 ±45% 7803 7601 
HCNH+ + CH3 0.03 
CH.zNHt + CH 0.27 
CH3NHt + C 0.69 

C+ + CH3CN ~ Products 1.00 5.60 x 10-9 ±20% 9015 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

C+ + C2N2 CCN+ + CN 0.11 1.90 x 10- 9 ±30% 8802 8515 
CNC+ + CN 0.89 

C+ + HC3N ct + HCN O.OS S.SOx 10- 9 ±20% 8518 8509 7911 
C3H+ + CN 0.70 
CzN+ + CzH 0.02 
C4N+ + H 0.23 

*C+ + co C+ + CO 1.00 2.65 X 10- 10 ±30% 8005 7601 

C+ + CO - No Reaction <S.OOx 10- 13 7905 770S 

C+ + HzCO - CHt + CO 0.54 4.20 x 10-9 ±1O% 7803 7601 
HCO+ + CH 0.20 
HzCO+ + C 0.26 

C+ + CH30H - CHt + HCO 0.80 3.40 x 10-9 ±30% 7803 7601 
CH2OH+ + CH 0.20 

C+ + COz CO+ + CO 0.90 1.10 x 10-9 ±1O% 8112 790S 7705 
COt + C 0.10 7601 6602 

C+ + CHOOH HCO+ + HCO 1.00 3.30X 10-9 ±30% 7821 

C+ + NO N+ + CO ~0.08 7.50 x 10- 10 ±25% 9029 8811 8409 
NO+ + C 1.00 8008 790S 7601 

C+ + NzO - NO+ + CN 1.00 9.10 x 10- 10 ±30% 9029 8811 8810 ab 

7009 

C+ + S02 - SO+ + CO 1.00 2.30 x 10-9 ±30% 8703 7S07 ab 

C+ + COS - CS+ + CO 0.80 2.00 x 10-9 ±20% 7803 
COS+ + C 0.20 

CH+ + H - C+ + H2 1.00 7.50x 10- 10 ±30% 8403 

CH+ + Hz - CHt + H 1.00 1.20 X 10- 9 ±15% 8403 8103 7705 
7506 

CH+ + CH4 - CzHt + H2 + H 0.11 1.30 X 10- 9 ±20% 770S 7402 7012 
CzHt + Hz 0.84 
CzHt + H 0.05 

CH+ + CzH:z C3Ht + H 1.00 2.40 x 10- 9 ±10% 8624 

CH+ + N - CN+ + H 1.00 1.90 X 10- 10 ±50% 8613 8008 
H+ + CN 0.00 

CH+ + NH3 - NHt + CH 0.17 2.70x 10- 9 ±20% 7707 
NHt + C 0.15 
HCNH+ + H2 0.68 

CH+ + N2 ~ Adduct 8632 

CH+ + 0 - H+ + CO 3.50x 10- 10 ±50% 8008 
CO+ + H 

CH+ + H2O - H30+ + C >0.50 2.90 X 10- 9 ±20% 7705 
HCO+ + Hz 
H3C.O+ + H 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

CH+ + Oz ~ 0+ + HCO >0.90 9.70 x lO- w ±20% 7705 
CO+ + OH 
HCO+ + 0 

CH+ + SiH4 ~ Si+ +CH4 +H 0.05 4.60 x 10-9 ±20% 7319 
SiH+ + C~ 0.10 
SiHt + CH3 0.09 
SiHI + CHz 0.43 
CH2Sj+ + H2 +H 0.19 
CH3Si+ + H2 0.14 

CH+ + HzS ~ H3S+ + C 0.30 2.lOx 10-9 ±20% 7803 7305 
HCS+ + H2 0.70 

CH+ + HCN ~ HCNH+ + C 0.75 2.80 x 10- 9 ±15% 8624 7819 7406 
C2N+ + Hz 0.15 
CHCN+ + H 0.10 

CH+ + CH.3NHz ~ CHzNHt + CHz 0.50 2.30 x 10-9 ±20% 7803 
CH3NHt + CH 0.10 
CH3NHt + C 0.40 

CH+ + CO -'.I> HCO+ + C 1.00 -7.00 x 10- 12 ±50% 7705 

CH+ + HzCO -'.I> CHt + CO 0.30 3.20x 10- 9 ±20% 7803 
HCO+ + CHz 0.30 
CH2OH+ + C 0.30 
CHzCO+ + H 0.10 

CH+ + CH.30H ~ CHt + H2CO 0.50 2.90 x 10-9 ±30% 7803 
CH2OH+ + CH2 0.10 
CH)OHt + C 0.40 

CH+ + COz -'.I> HCO+ + CO 1.00 1.60 x 10-9 ±20% 7705 

CH+ + NO ~ NO+ + CH 1.00 7.60 x 10- 10 ±50% 8008 

CH+ + COS -'.I> HCS+ + CO 0.55 1.90 x 10-9 ±20% 7803 
HCOS+ + C 0.45 

CHt + Hz -'.I> CHt + H 1.00 1.16xlO-9 ±54% 7705 7506 

CHt + CH4 -'.I> C2Ht + H2 0.70 1.30 x 10-9 ±15% 7705 7402 7012 
CzH! + H 0.30 

CHt + C2H2 -'.I> C3Ht + H 1.00 2.50 x 10-9 ±1O% 8624 

CHt + N ~ CN+ + Hz 2.20 x to- 1O ±50% 8008 
HCN+ + H 

CHt + NH3 -'.I> NHt + CH 0.33 2.66 x to- 9 ±1O% 8001 7707 7305 
CH2NHt + H 0.67 

CHt + N, M Adduct 8632 

CHt + H2O ~ CHzOH+ + H 1.00 2.05 X 10- 9 ±60% 8001 7802 7705 
7305 

CHt + O2 ~ HCO+ + OH >0.50 9.10x lO- HI ±20% 7705 
H2CQ+ + 0 <0.50 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

CHi'" + SiH4 Sj+ + C~ + H2 0.03 3.50x 10- 9 ±20% 7319 
SiH+ + CH4 + H 0.09 
SiHi'" + C~ 0.03 
SiHt + CH3 0.62 
CH2Si+ + H2 + H2 0.03 
CH3Si+ + H2 +H 0.20 

CHi'" + H2S ~ HCS+ + H2 + H 0.37 2.50 x 10- 9 ±10% 8401 7803 7305 
CH2SH+ + H 0.6,3 

CHi + HCl ~ CHt + CI 0.15 1.50 x 10- 9 ±30% 9125 
CHCl+ + H2 0.42 
CH2Cl+ + H 0.42 

CHi'" + HCN ~ CH2CN+ + H 1.00 1.80 x 10- 9 ±10% 8624 

CHi + CH3NH2 ~ CH2NHi + CH3 0.55 2.10 x 10- 9 ±20% 7803 
CH3NHi + CHz 0.35 
CH3NH! + CH 0.10 

CHi + HC3N ~ CHCCNH+ + CH 1.00 4.lOx 10-9 ±30% 7911 

CHi + co ~ No Reaction < 5.00 x 1O- 1z 7705 

~ Adduct 8632 

CHi + H2CO ~ HCO+ + CH3 0.85 3.30 x 10- 9 ±20% 7803 
CH2CO+ + H2 0.05 
CH3CO+ + H 0.10 

CHi + CH30H ~ CH2OH+ + CH3 0.50 2.60 x 10-9 ±30% 7803 
CH3COHi'" + CH 0.50 

CHi + CO2 ~ H2CO+ + CO 1.00 1.60 x 10-9 ±20% 7705 

CHi + NO ~ NO+ + CH2 1.00 . 4.20 X 10- 10 ±50% 8008 

CHi + COS ~ HCS+ + HCO 0.60 1.80 x 10- 9 ±20% 7803 
CH2S+ + CO 0.40 

CHt + H ~ No Reaction < 1.00 x 10- 11 7901 

CHt + H2 ~ CHt + hv 1.00 <5.00x 10- 13 ±30% 8410 7506 

* Adduct 8632 

ClIt + 110 Products 1.00 8.l0xI0- 1fI ..L20% 8202 

CHt + D2 -+ Products 1.00 6.80 x 10- H) ±20% 8202 

CHt + C~ c2Ht + H2 1.00 1.10 x 10-9 :!:15% 7803 7705 7424 
7402 7304 7013 
7012 

CHt + C2H2 ~ C3Ht + H2 1.00 1.15 X 10- 9 ±1O% 8624 8012 7803 
7712 

CHt + C2H4 ~ C2Ht + C~ 0.46 1.06 x 10- 9 ±1O% 7712 7703 
C3Ht + H2 + Hz 0.04 
C3Ht + H2 0.51 

CHt + CzH6 ~ C2Ht + C~ 0.85 1.74 x 10-9 ±10% 7712 
C3Ht + H2 + Hz 0.09 
C3Ht + Hz 0.06 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

CHt + N ~ HCN+ + H2 6.70 x 10- 11 ±20% 8613 7604 
HCNH+ + H 

CHt + NH3 NHt + CH2 0.15 1.75 x 10-9 ±1O% 8706 8001 7803 
CH2NHt + H2 0.85 7707 7305 

M Adduct 8632 7707 

CHt + N2 M Adduct 8632 

CHt + 0 Ht + CO 1.00 4.40 x 10- 10 ±20% 8809 7604 
H2CO+ + H 
HCO+ + H2 

CHt + H2O ~ No Reaction < 1.00 x 10- 11 7305 

M Adduct 8632 

CHt + O2 ~ HCO+ + H2O 1.00 4.30 X 10- 11 ±10% 7701 

M Adduct 8632 

CHt + SiH4 ~ SiHt + CH4 0.94 2.40 x 10-9 ±20% 7319 
CH3Si+ + H2 +Hz 0.03 
CH3SiHt + H2 +H 0.03 

CHt + PH3 CH2P+ + H2 + Hz 0.63 1.11 x 10-9 ±20% 7011 
CH3PH+ + H2 0.37 

CHt + H2S ~ CH2SH+ + H2 1.00 9.90 x 10- 10 ±45% 8401 7803 7305 
CHt + HCI ~ CH2CI+ + H2 1.00 1.20 x 10- 10 ±60% 8623 8511 8502 

CHt + HCN CH3CNH+ + hv 1.00 2.00 x 10- 10 ±10% 8623 8516 8510 
8624 8120 8003 
7701 

M Adduct 8632 8510 ~ 

CHI + CH3NH2 ~ CH2NHi + CH4 0.45 3.20 x 10- 9 ±20% 7803 7609 
CH3NH:t + CH3 0.55 

M Adduct 8632 

CHI + CH3CN C2H! + HCN 0.37 1.80 x 10- 9 ±20% 8929 
HCNH+ + C2H4 0.58 
C2HsCNH+ + hv 0.05 

M Adduct 8510 

CHt + CH3NC ~ CH3CNH+ + CH2 1.00 1.10 X 10-9 ±30% 8510 

CHt + HC3N ~ C3Ht + HCN 0.49 4.30X 10-9 ±20% 8518 8509 7911 
H4C4NT 0.51 

M Adduct 8518 8509 

CHt + CO ~ No Reaction < 1.00 X 10- 11 7701 

~ Adduct 8632 

CHt + H2CO ~ HCQ+ + CH4 1.00 1.30 x 10-9 ±20% 7803 7701 

~ Adduct 8G:32 

CHt + CH30H ~ CH2OH+ + CH4 0.91 2.30 x 10-9 ±30% 7804 7803 7701 
CH3OH+ + CH3 0.01 
CH30Hi + CH2 0.08 

M Adduct 8632 ~ 

CHt + CO2 ~ No Reaction < 1.00 x 10- 11 7701 

~ Adduct 8632 

CHt + CHOOH ~ CHt + CO2 1.00 2.10x 10-9 ±30% 7821 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

CHt + c-(CHzhO~ c-C2H3O+ + CH4 1.00 1.40 x ±10% 7609 

CHt + CH3CHO~ C2Ht + HzCO 4.00 x 10-9 ±50% 9014 7609 
CH2OH+ + CZH4 
CH3CO+ + C~ 
Adduct 

CHt + CzHsOH ~ CzH; + CH30H 0.53 3040 x 10-9 ±1O% 7804 7609 
C2Ht + CH30 0.03 
CzHt + HCO 0.23 
CzHsO+ + CH4 0.20 

CHt + (CH3hO ~ CH30CHt + CH4 1.00 3.00x 10-9 ±10% 7609 

CHt + CSz ~ No Reaction < 1.00 X 10- 10 7414 

CHt + NO ~ NO+ + CH3 1.00 9.70 x 10- 10 ±10% 8008 7701 

CHt + NzO ~ No Reaction < 4.00 X 10- 11 7424 

CHt + COS ~ CHzSH+ + CO 1.00 1.30 x 10- 9 ±20% 7803 

CHzD+ + Hz M Adduct 8632 

CI IzD + I 0 HCO+ I HD 0.60 4.40 x 10- JO :±:20% 8809 
DCO+ + Hz 0040 

CHDt + Hot M Adduct 8632 

CHDt + 0 ~ HCO+ + Dz 0.30 4.40 x 10- 10 ±20% 8809 
DCO+ + HD 0.70 

CDt + H2 ~ Products 1.00 5.lOx 10- 10 ±1O% 8202 7506 

M Adduct 8632 

CDt + HD Products 1.00 4.00 x 10- 10 ±25% 8202 

CDt + 0 ~ DCO+ + D2 1.00 4.40 X lO- lU ±20% 8809 

CDt + Oz M Adduct 8632 

CDt + HCN M Adduct 8632 

CDt + CO M Adduct 8632 

CHt + H No Reaction <: 1.00 x 10- 11 7901 

CHt + Hz CHs+ + H 1.00 3.50 X 10- 11 ±1S% 8521 7705 7506 

CRt + CH,q CH,;'" I CH3 1.00 1.14 X 10-9 :±:15% 7705 7425 7424 

7402 7304 7211 
7203 7013 6906 

CHt + CD4 ~ CH4D+ + CD3 0.10 1.30 x 10-9 ±20% 8913 
CH3Dt + CHD2 0.22 
CH2Dt + CHzD 0.43 
CHDt + CH3 0.25 

CHt + CZH2 ~ CzHt + CH4 0.53 2.72 X 10- 9 ±1O% 7712 7203 
CzHt + CH3 0.41 
C3Ht + Hz + H 0.06 

J. Phys. Chem. Ref. Data, Vol. 22, No.6, 1993 



1486 VINCENT G. ANICICH 

Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3jS) 

CHt + CZH4 ~ CzHt + C~ 0.85 2.00 x 10-9 ±30% 7712 7203 
C2Ht + CH3 0.13 
(\Ht + Hl + H o.m 

CHt + CZH6 ~ C2Ht + C~ + H2 1.00 1.91 X 10- 9 ±1O% 7712 

\, , 
':too')( 10-9 CHt -I- NH:~ CHt -I- NH;! 0.02 :t-10% 8001 7707 7305 

NHt + CH3 0.45 
NHt + CH4 0.53 

CHt + Nz -? No Reaction < 5.00 X 10- 13 770S 

CHt + H2O -? H3O+ + CH3 1.00 2.S0x 10- 9 ±10% 8001 7802 770S 
7305 

CHt + O2 -? ot + CH4 1.00 3.90 x lO- lU ±20% 8018 7705 

CHt + SiH4 -? SiHt + CH4 + Hz 0.23 2.00 x 10- 9 ±20% 7319 
SiHt + CH .. + H 0.72 
CH3SiH+ + H2 + Hz 0.02 
CH3SiHt + Hz + H 0.03 

CHt -I- HzS HzS+ -I- CH .. 0.55 2.30 x 10-9 ±10% 8401 7803 7305 
H3S + + CH3 0.45 

CHt + HCN -? HCNH+ + CH3 0.98 3.30 x 10- 9 ±10% 8624 8101 
CH3CNH+ + H 0.02 

CHt + CH3NHz -? CH2NHt + CH4 + H 0040 2.20 x 10- 9 ±20% 7803 
CH3NHt + c~ 0.60 

CHt + HC3N -? CHCCNH+ + CH3 1.00 2.50 X 10-9 ±30% 7911 

CHt + CO - HCO+ + CH3 0.96 1.08 x 10-9 ±40% 8001 7705 
CH,CO+ + H 0.04 

CHt + H2CO HzCO+ + C~ 0.45 3.60 x 10- 9 ±20% 7803 
CH2OH+ + CH3 0.55 

CHt + CH30H -? CH3OH+ + CH4 0.60 3.00 x 10-9 ±30% 7803 
CH30Ht + CH3 0040 

CHt + CO2 - HCOt + CH3 0.99 1.00 x 10- 9 ±20% 8001 7705 7424 
CH3CO+ + OH 0.01 

CRt + CS2 HCSt + CH3 1.00 3040 x 10- 10 ±50% 7414 

CHt + NzO -? HNO+ + H)CN 0.03 1.27 x to- 9 ±20% 7424 7210 
HN2O+ + CH) 0.97 

CHt -I- cos COS+ + CH.. 0.30 1.40 x 10-9 ±20% 7803 
HCOS+ + CH3 0.70 

CD': + Hz No Reaction ..-:: 1.00 x 10- 12 7506 

CDt + CH4 -? CH4D+ + CD3 0.28 1.20 x 10-9 ±20% 8913 
CH3Dt + CHD2 0.36 
CH2Dt + CHzD 0.24 
CHDt + CH3 0.12 
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+ H 

+ C~ 

+ N 

+ 0 

+ Mg 

+ CO 

+ HzCO 

Reactions 

c~+ 

- Products 

~ Adduct 

- Products 

- . No Reaction 

NUt 

SiHt 

-- CHCCNH+ 

-- HCOt 

+ CHOOH -- CH(OH)t 

+ NO 

+ ell.. 

+ C~ 

+ N 

No Reaction 

-- No Reaction 

Products 

-- CzH+ 
C2Ht 
C3H+ 
CjHt 
C3Ht 

-- Products 

-- No Reaction 

Table of Reactions - Continued 

+ C~ 

+ C~ + H 
+ C~ 

+ C~ 

+ CRt 

+ CRt 

+ H 

+ CH3 

+ CH2 

+ H2 + H 
+ 1I2 
+ H 

+ H 

Prod. Rate Const. Ref. 
Dist. (cm3 /s) 

1.00 1.50 x 1O- 1U ±50% 8521 8308 7901 

1.00 3.00 x 10- 11 ±30% 

8632 

1.00 2.90xl0- 10 ±25% 

1.00 1.48 X 10-9 ± 20% 7713 7426 

1.00 

0.15 
0.85 

1.50 X 10-9 ± 20% 7426 

1.35 X 10-9 ± 15% 8305 8117 

< 1.00x 10- 11 8613 8008 

7611 

1.00 2.40 X 10-9 ± 15% 7516 7415 7315 

-0.98 2.40 x 10- 111 ±30% 8008 8006 
-0.02 

1.00 3.70 x 10- 9 ±2S% 7510 

0.65 
0.35 

1.40 x 10-9 ±20% 7710 

1.00 2.00 x 10-9 ±20% 7319 

1.00 2.25 X 10- 9 ± 15% 7315 

1.00 4.50x 10-9 ±30% 7911 

1.00 9.90 x 10- 10 ±20% 8006 

1.00 4.50x 10-9 ±25% 7906 

1.00 3.25 X 10- 11 ±30% 7424 7313 7310 

1.00 2.95 X 10- 9 ±30% 7820 7818 

<3.00x 10- 12 B008 7104 

1.00 9.ooxlO- Hl ±1O% 9031 8006 7424 
7415 

<5.oox 10- 13 7506 

1.00 2.00x10- 1lI ..L25% 8206 

1.00 1.24 X 10- 9 ± 15% 9021 7705 7506 

0.17 1.40 x 10-9 ±20% 7705 
0.13 
0.14 
0.41 

0.15 

1.00 1.85 X 10-9 ± 40% 8709 8624 7012 

1.00 -1.90 X 10-9 7012 

<4.00 x 10- 11 8008 

Footnotes 

T=623 

T=373 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

C{ + 0 - C+ + CO 3.lOx 10- 10 ±50% 8008 
CO+ + C 

C{ + HCN - C2H+ + CN 0.10 2.60 x 10-9 ±10% 8624 8012 8011 
C3H+ + N 0.30 
C3N+ + H 0.60 

C{ + C2Nz - CzN+ + CzN 0.50 1.50 x 10-9 ±30% 8515 
C3N+ + CN 0.30 
ct + Nz 0.20 

C{ + HC3N - C3H+ + CzN 0.07 4.00 x 10- 9 ±25% 8518 8509 
CHCCN+ + Cz 0.06 
ct + HCN 0.17 
C4H+ + CN 0.39 
CsN+ + H 0.31 

C{ + NO NO+ + C2 1.00 3.40 x 10- 10 ±50% 8008 

C2H+ + H2 - CzH{ + H 1.00 1.24 x 10-9 ±50% 7705 7506 

C2H ' + C~ CzHi + CH3 0.34 1.10)( 10') :!:20% 7705 
C3HJ + Hz 0.34 
C3Ht + H 0.12 
C3Ht 0.20 

C2H+ + C2H2 - C4H{ + H 1.00 1.85 X 10-9 ±30% 8709 8624 7422 
7105 7012 

C2H+ + C2H4 Products 1.00 1.71xlO 9 :!:10% 7012 T=373 

C2H+ + N - CH+ + CN 1.00 9.50 x 10- 11 ±20% 8613 8008 

C2H+ + 0 - C+ + HCO 3.30x 10- 10 ±50% 8008 
CH+ + CO 
CO+ + CH 
HCO+ + C 

CzH+ + HCN - CzH{ + CN 0.20 2.70 x 10-9 ±1O% 8624 8012 8011 
HCNH+ + C2 0.35 
CHCCN+ + H 0.45 

C2H+ + HC3N - C4H+ + HCN 0.20 3.80x 10-9 ±25% 8518 8509 
C4H{ + CN 0.12 
CHCCNH+ + C2 0.37 
HC5N+ +H 0.31 

C2H+ + NO - NO+ + C2H 1.00 1.20 x 10- 10 ±50% 8008 

C2D+ + D2 - CzD{ + D 0.80 1.10x 10-9 ±20% 9021 
C2Dt 0.20 

C2H{ + D - C2HD+ + H 1.00 2.00 x 10- 10 ±20% 8916 

CzH{ + H2 - C2Ht + H 1.00 1.00 x 10- 11 ±30% 9029 8916 7705 ab 

~ Adduct 
7409 
8632 

C2H{ + HD - CzHD+ + H2 1.00 9.00 x 10- 11 ±20% 8713 

C2H{ + D2 - C2H2D+ + D -0.30 1.40 x lO- HI ±20% 8916 
CzHD+ + HD -0.70 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

C2Hi + ClL C3Ht + Hz 0.21 8.90 x 10- 10 ±1O% 9029 8012 7712 ab 

C3Ht + H 0.79 7705 7203 

C2Hi + CD4 ~ C3HzDi + Dz 0.07 8931 
C3HDt + HD 0.12 
C3H2Dj + D 0.40 
C3HDt + H 0.41 
Adduct 0.02 

CzHi + C2H2 C4Hi + H2 0.32 1.40 x 10-9 ±1S% 7712 7422 7409 
C4Ht + H 0.68 7203 710S 7012 

6906 

* Adduct 8709 8632 

C2Hz+ + C2H4 ~ C2Ht + C2H2 0.30 1.38 x 10-9 ±1S% 9029 8321 7712 ab 

C3Ht + CH3 0.48 7203 7012 
C4Ht + H 0.23 

CzHi + CzH(j CzHt + CZH4 0.18 1.38 x 10- 9 ±1O% 7712 7208 
CzHt + CZH3 0.09 
C3Ht + CH3 + Hz 0.06 
C3Ht + C~ 0.01 
C3Ht + CH3 0.S4 
C4Ht + Hz + H O.OS 
C4Ht + H 0.09 

C2Hi + N CH+ + HCN -0.10 2.S0x 10- 10 ±20% 8613 8008 
C2N+ + Hz -0.30 
CHCN+ + H -0.60 

C2Hi + NH3 ~ NHt + C2HZ 0.69 3.10x 10- 9 ±1O% 9026 7714 
NHt + CzH 0.31 

CzHi + 0 ~ HCO+ + CH -0.50 1.70 x lO- lO ±25% BOOS 
HCz0 4 + H -0.50 

CzHi + HzO ~ H30+ + C2H 1.00 2.20 x 10- 10 ±10% 7714 

czRt + O,z No Reaction ",1.00;..; 10- 11 7714 

CzHi + SiH4 ~ Si+ + CZH4+ Hz 0.06 1.45 x 10-9 ±20% 7428 7427 
SiH+ + C2Hs 0.04 
SiHl + CzH" 0.19 
SiHj + CZH3 0.61 
CH3Si+ + CH3 0.02 
CHCSi+ + Hz + Hz + H 0.01 
CH"CSj+ + Hz + H 0.02 
CH3CHSi+ + H2 0.01 
C2HsSi+ + H 0.03 

C:lH:l+ + H2S H 2S+ + CzH~ 0.96 2.30 X 10-9 ±10% 7714 
H3S+ + CzH 0.02 
CzHt + SH 0.02 

G1Ht + HCN HCNH+ + CzH 0.66 3.90x 10- 10 ±25% 8002 

~ 
CHCCNH+ + H 0.34 
Adduct 9026 

C,Ht + CH3NH2 ~ CH2NHt + CzH;) 0.24 2.70 y, 10-9 ±25% 9026 
CH3NHi + C2Hz 0.28 
CH3NHt + CzH 0.48 

C,Ht + CH3CN ~ CHaCNH+ + CzH 0.22 3.80y,1O- 9 ::25% 9026 
C3Ht + HCN 0.28 
C3HS+ + CN 0.28 
Adduct 0.23 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

C2Ht + HC3N ~ C4Ht + HCN 0.45 3.45 x 10-9 ±20% 8518 8509 7911 
H3CsN+ 0.55 

C2Ht + CH30H ~ CH2OH+ + C2H3 0.85 2.29 x 10-9 ±25% 9026 
CH30Ht + C2H 0.15 

C2H { ;- CO2 No Reaction '1.00xlO- 11 7714 

M Adduct 8632 

C2Ht + CH3CHO ~ CH2CQ+ + C2H4 0.22 3.20x 10-9 ±2S% 9026 
CH3CQ+ + C2H3 0.24 
CH3CHO+ + CZH2 0.36 
CH3COHt + CzH 0.18 

C2Ht + (CH3)2CO~ CH3CO+ + C3Hs 0.09 3.00 x 10- 9 ±2S% 9026 
(CH3hCQ+ + C2H2 0.55 
(CH3)zCOH+ + C2H 0.36 

C2H{ + NO ~ NO+ + C2H2 1.00 1.20 x 10- 10 ±2S% 9029 8008 ab 

C2Ht + COS ~ CHzCS+ + CO 0.46 4.20 x 10- 10 ±30% 9027 
COS+ + CZH2 0.54 

C2HD+ + H2 C2H{ + HD 1.00 2.00 x 10- 11 ±20% 8713 

C2Dt + D2 ~ C2Dt + D 1.00 4.00 x 10- 11 ±25% 9029 T=15 

C2Ht + H C2H{ + H2 1.00 1.00 x 10- 10 ±20% 8916 7901 

C2Ht + H2 ~ No Reaction < 1.00 X to- 12 8309 7409 

M Adduct 8632 

c2Ht + CH4 C3Ht + H2 1.00 1.90 X 10- 10 ±20% 8012 7712 770S 

*C2Ht + C2H2 ~ C2Ht + *C2H2 -0.70 7.20 x 10- 10 ±10% 8624 
C 4Ht + H2 -0.30 

C2Ht + C2H2 ~ C4Ht + H2 1.00 2.40 x to- 1O ±30% 8012 7712 7422 
7409 7208 700S 

M Adduct 8632 

C2H3+ + C2H 4 C2HS+ + C2H2 1.00 8.90 x 10- 10 ±1O% 7712 7012 

CzHt + CZH6 ~ CzHt + C2H4 0.47 6.20 x 10- 10 ±1O% 7712 7208 
C3Ht + Cfu 0.40 
C4Hi + H2 0.13 

CzHt + N CHCN+ + Hz 1.00 2.20)( lO-JO ±20% 8613 

CzHt + NH3 ~ NHt + C2H 2 1.00 2.48 x 10-9 ±10% 7714 

CzHt + HzO ~ H30 + + C2H2 1.00 1.11 X 10-9 ±10% 7714 

CzHt + SiH4 ~ SiHt + CZH4 0.89 2.80 x to- 1O ±20% 7428 
SiHS'" + CZH2 0.11 

C2Ht + HzS H3S+ + C2Hz 1.00 8.40 x 10- 10 ±10% 7714 

CzHt + HCN ~ HCNH+ + CZH2 1.00 2.30 x to- 9 ±40% 8624 8011 

CzHt + HC3N CHCCNH+ + CzHz 1.00 3.80X 10- 9 ±20% 8518 8412 7911 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

C2Ht + C2N2 - HC2N{ + C2H2 1.00 5.50x 10- 10 ±40% 8702 8412 

M Adduct 8412 

C2H.t + H - C2Ht + H2 1.00 3.00 x 10- 10 ±20% 8916 7901 

C2H.t + H2 - No Reaction <4.oox 10- 14 8616 8309 7711 
770S 

M Adduct 8632 

C2Ht + CH4 No Reaction < 1.00 X 10- 13 7712 770S 7203 

C2Ht + C2H2 C3Ht + CH3 0.77 8.40 x 10- 10 ±10% 8321 7712 7208 
C4Ht + H 0.23 

M Adduct 8632 

C2Ht + C2H4 - C3Ht + CH3 0.91 7.90 x 10- 10 ±1O% 7712 7203 7014 
C4Ht + H 0.09 7012 

C2Ht + C2H6 - C3Ht + CH4 0.07 5.1S x 10- 12 ±10% 7712 7208 
C3Ht + CH3 0.93 

C2Ht + NH3 NHt + C2H4 0.06 2.06 x 10-9 ±1O% 7714 
NHt + C2H3 0.94 

C2Ht + H2O - No Reaction < 1.00 x 10- 12 7714 

C2Ht + SiH4 - C2Ht + SiH3 0.36 1.40 x 10-9 ±20% 7428 
SiHt + C2H6 0.14 
SiHt + C2Hs 0.44 
CH3CHSi+ + H2 + H2 0.01 
C2HsSi+ + H2 +H 0.01 
C2H6Si+ + H2 0.02 
CZH 7Si+ + H 0.02 

C2Ht + H2S - H2S+ + C2H4 0.62 1.06 x 10-9 ±1O% 7714 
CH2S+ + CH4 0.07 
CHzSH+ + CH.3 0.31 

C2Ht + HCN - No Reaction <2.00 x 10- 11 8624 

M Adduct 8011 

CzHt + HC3N - CHCCNH+ + C2H3 1.00 1.10x 10-9 ±30% 7911 

C2Ht + H c2Ht + H2 1.00 -1.00 X JO- ll ±30% 891b 7~Ul 

CzHt + H2 - No Reaction <4.ooX 10- 14 8309 7711 7701 
M Adduct 8632 

CzHt + C~ - C3H-t + Hz 1.00 9.00 x 10- 14 ±lS% 8305 7712 7509 
M Adduct 8632 

*CzHt + C2H2 - C2Ht + C2Hz 0.79 9.00 x 10- 10 ±20% 7712 7703 7208 
C3H3+ + C~ 0.08 

M 
C4Ht + Hz 0.13 
Adduct 8632 7005 

C2Ht + C2H4 - C3Ht + C~ 1.00 3.55 X 10- 10 ±15% 7712 7012 7005 

~ Adduct 7005 

C2Ht + CzH6 C3Hi + C~ 0.14 3.90 x 10- 11 ±1O% 8305 7712 7005 
C4H: + H2 0.86, 
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Table of Reactions - ,Continued 

ct 

Ct 

ct 

Ct 

Reactions 

--'» NHt 

+ HCN 

CHCCNH+ 

+ H2CO 

+ CHOOH --'» CH(OH)t 

+ cS2 

+ H 

+ H2 

+ CH, 

--'» HCSt 

--'» No Reaction 

--'» No Reaction 

C2Ht 
C3Ht 
C4Ht 

NHt 
NHt 

--'» C2Ht 
C3Ht 
CsHt 
CsHt 

J. Phys. Chem. Ref. Data, Vol. 22, No.6, 1993 

+ H2 

+ H 

+ D 

+ H 

+ 0 

Prod. Rate Canst. Ref. 
Dist. (cm3/s) 

1.00 2.09 X 10- 9 ± 10% 7701 7415 7315 

1.00 1.86 x 10-9 ±65% 8807 8208 8115 
7701 

1.00 6.70xlO- 1O ±10% 7701 

1.00 2.70 x 10- 9 ±20% 8011 

1.00 1.87 X 10- 9 ± 15% 7315 

1.00 3.80 x 10 - 9 ± 20% 

1.00 8.00 X 10- 11 ± 50% 

8929 

8932 
8932 

8702 

1.00 3.55 x 10- 9 ±20% 8518 7911 

1.00 3.10X 10- 9 ±25% 7906 

1.00 1.50 X 10-9 ± 30% 7821 

1.00 7.20 x 10- 111 ±20% 8807 

1.00 1.00 X 10- 10 ± 20% 8916 7901 

< 1.00 X to- lI 7701 

< 1.00 X 10- 12 7712 

0.19 1.30 x 10- 9 ± 10% 7712 7208 
0.70 
0.11 

1.00 1.15 X 10-9 ± 10% 7712 

0.42 1.90 x to- lI ± 10% 7712 7208 
0.58 

0.28 2.23 x 10- 9 ± 10% 7701 
0.72 

1.00 2.95 X 10- 9 ± 10% 7701 

0.69 2.87 x 10- 9 ± 10% 7701 
0.31 

1.00 2.40 X to- IO ± 25% 9021 8916 8309 

1.00 1.50 x 10- 10 ±20% 9021 8916 8726 
9021 

0.25 9.50 x to- IO ± 30% 8805 
0.38 
0.37 

1.00 1.70 x 10- 9 :30% 8805 8624 

0.44 9.00 x to-HI ±30% 8805 
0.15 
0.26 
0.15 

1.00 1. 75 x to - 10 ± 20% 8726 

Footnotes 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

C3+ + HCN ~ C3H+ + CN 0.20 1.30 x 10- 9 ±30% 8924 8624 
C4N+ + H 0.80 

ct +" HC3N ~ C5H+ + CN 1.00 3.20 x 10-9 ±20% 8518 

C3H+ + H2 ~ c-C3H:i + H -0.04 2.60 x 10- 11 ±30% 8712 8309 
l-C3H2+ + H -0.16 
c-C3H/ -0.52 
l-C3Ht -0.28 

* Adduct 8712 8632 8309 

C3H+ + CH4 C2Ht + C2H2 0.70 5.50 x lO-1O ±30% 8304 
C3Ht + CH2 0.20 
C4Ht + H2 0.10 

C3H+ + C2H2 ~ CsH:i + H 1.00 8.40 X lO-1O ±50% 8805 8624 8012 

C3H+ + C2H4 ~ C3H3+ + C2H2 0.95 9.50 x 10- 10 ±30% 8304 
C5Ht + H2 0.05 

C3H+ + CH2CCH2~ C4H.t + C2H2 1.00 1.40 x 10-9 ±20% 8429 

C3H+ + CH3CCH ~ C4Ht + C2H2 1.00 1.40 x 10-9 ±20% 8429 

C3H+ + NH3 ~ NHt + C3H 0.20 1.65 x 10-9 ±30% 8311 8304 
NUt + C3 0.45 
HCNH+ + C2H2 0.25 
CH2CHCN+ + H 0.10 

C3H+ + N2 ~ No Reaction < 1.00 x 10- 13 8304 

C3H+ + H2O ~ CzHt + CO 0040 4.50 x 10- 10 ±30% 8304 
HCO+ + C2H2 0.55 
CHCCO+ + H2 0.05 

C3H+ + 02 ~ HCO+ + C20 0.60 2.50 x 10- 1J ±30% 8304 
HC20+ + CO 0.10 
CHCCO+ + 0 0.30 

C3H+ + HzS ~ CzHt + CS 0.30 1.20 x 10-9 ±30% 8304 
HCS+ + C2H2 0.63 
CHCCS+ + H2 0.07 

C3H+ + HCN ~ HCNH+ + C3 0.09 4.00 x 10- 11 ±30% 8924 8624 

M 
H2C4N + + hv 0.91 
Adduct 8311 

C3H + + CH3CN ~ C2Ht + HC3N 0.20 3.00 x 10-9 ±30% 8311 8304 
CH3CNH+ + C3 U.I!l 
CHCCNH+ + CzHz 0.33 
H4CsN+ 0.30 

C3H' + CzNz ~ HCsN{ 1.00 >4.40x 10- HI ±30% 8304 

C3H+ + HC3N H2Ct;N+ 1.00 1.25 x 10-9 ±20% 8518 8509 

C3H' + CU ~ Adduct 8632 

C3H+ + CH30H ~ CHt + H2C3O 0.10 2.20 x 10-9 ±30% 8311 8304 
CHzOH+ + C3Hz 0.10 
CHCCO+ + C~ 0.80 

C3H+ + CO2 ~ CHCCO+ + CO 1.00 2.00 x 10- 12 ±30% 8304 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

C3H+ + NO -')0 NO+ + C3H 0.25 5.50 x 10- 10 ±30% 8304 
CHCN+ + CO 0.75 

C3H+ + N20 -')0 HCN+ + C2NO 0.05 8304 
NO+ + HC3N 0.55 
CHCCO+ + N2 0.40 

C3H+ + COS CS+ + HC30 0.70 6.lOx 10- 10 ±30% 8304 
CHCCO+ + CS 0.20 
CHCCS+ + CO 0.10 

l-C3H+ + D -')0 l-C3D+ + H 1.00 5.00 x lO- lO ±20% 8916 

l-C3H+ + H2 -')0 c-C3Ht + H 1.00 6.00 x 10- 12 ±30% 8916 

l-C3H+ + D2 c-C3HD+ + D 0.50 6.00 x 10- 12 ±30% 8916 
c-C3Dt + H 0.50 

C3D+ + D2 -')0 C3Dt + D 1.00 2.70 x 10- 11 ±20% 8726 

C3H:t + H2 -')0 No Reaction <5.00 x 10- 14 8415 8309 

M No Reaction 8632 

C3Ht + CH2CCH2-')o C4Ht + C2H4 0.04 1.40 x lO-9 ±20% 8429 
C4Ht + C2H3 0.14 
C4Ht + C2H2 0.50 
C)Hj I CHj 0.09 
C6Ht + H 0.21 

C3Ht + CH3CCH -')0 C4Ht + C2H4 0.09 1.30 x lO-9 ±20% 8429 
C4Ht + C2H3 0.12 
C4Ht + C2H2 0.41 
CsHt + CH3 0.18 
C6Ht + H 0.20 

C3Ht + HeN -')0 Products 1.00 1.60xlO- 1lJ ±10% 8624 

t;-C3H i + H Nu Rt:i:ll.;liUII ~ 7.00 x 10- I? 8916 

C-C3H:t + D -')0 c-C3HD+ + H 1.00 1.00 x lO-1O ±20% 8916 

c-C3Ht + D2 -')0 No Reaction < 1.00 X lO-12 8916 

c-C3Ht + C2H2 -')0 C5Ht + H 1.00 9.00 x lO-1O ±20% 8712 

l-C3Ht + H -')0 l-C3H+ + H2 1.00 6.00 x lO-l1 ±20% 8916 

l-C3Ht + D -')0 c-C3HD+ + H 0.50 1.00 x lO-9 ±20% 8916 
I-C3HU '" + H 0.50 

/-C3Ht + D2 -')0 No Reaction < 1.00 x lO-12 8916 

l-C3Ht + C2H2 -')0 CsHt + H 1.00 1.lOx lO-9 ±20% 8712 8624 

C3Ht + H2 -')0 No Reaction < 1.00 x lO-13 8309 T=80 

~ No Reaction 8632 

C3Ht + C2Hz -')0 No Reaction < 1.00 X lO-l1 8624 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

C3H3+ + CHzCCHz -7 No Reaction < 1.00 X 10- 11 8429 

C3H.t + CH3CCH -7 No Reaction < 1.00 x 10- 11 8429 

C3Ht + N -7 CHCCNH+ + H 1.00 1.30 x 10- 10 ±20% 8613 

C3H t + HeN No Reac.tion <2.00x 10-11 8624 

c~C3Ht + CzHz ~ No Reaction < 8.00 x 10- 13 8712 8624 8209 

c-C3Ht + CZH4 ~ No Reaction < 1.00 x 10- 11 8209 

c-C3Ht + C-C/iH/i ~ No Reaction < 1.00 x 10- 11 8209 

c-C3Ht + HCN No Reaction <2.00 x 10- 11 8624 

c-C3Ht + CH30H -7 No Reaction < 1.00 X 10- 11 8630 

c-C3Ht + C1HsOH -7 No Reaction < 1.00 x 10- 11 8630 

l-c,Ht + CzHz M Adduct 9041 8712 8708 

l-C3Ht + C1D2 -7 l-C3Ht + CzDz 0.08 9.10x to- 1O ±15% 9041 8708 T=373 
l-C3HzD+ + CzHD 0.46 
I-C,.,HDt I CzH.l 0.23 
c-C3Ht + CzDz 0.02 
c-C3H2D+ + CzHD 0.14 
c-C3HDz + CzHz 0.07 

l-C3Ht + CZH4 CsHt + Hz 1.10 x 10- 9 ±50% 8209 
CsHt 

I-C3Ht + C4H2 -7 c-C3Ht + C4Hz 0.24 1.40 x 10- 9 ±50% 9041 8708 T=363 
CsHt + CzHz 0.76 

l-C3Ht + c-C/iH/i -7 C7Ht + CzHz 1.40 x 10-9 ±20% 8209 
C9Ht -I-- Hit. 

I-ClHt + CH30H -7 CHzOH+ + C3H4 3.00 x 10- 10 ±20% 8630 
CH30Ht + C3Hz 

l-C.;Ht + CZH50H -7 CzHs+ + C3H4O 6.00 x 10- 10 ±20% 8630 
CzHsO+ + C3H4 
CzHsOHt + C3Hz 
C3HsO+ + CZH4 

C3Ht + Hz No Reaction <l.00xlO- 13 8309 T=80 
M No Reaction 8632 

C3Ht + CzHz ~ CsHt + H 1.00 4.90 X to-HI ±10% 8624 

C3lJt + lICN No Reactiun <.: 1.00 X 10- 11 8624 

CHzCCHt + CH1CCHz -7 C4Ht + CZH4 0.05 1.10x 10- 9 ±20% 8527 8429 
C4Ht + CzII2 0.01 
C5Ht + CH3 0.01 
C/iHs+ + Hz + H 0.07 
c-C6Ht + H 0.61 
ac-C/iHt + H 0.26 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

CH3CCH+ + CH3CCH ~ C3Ht + C3H3 0.18 1.10x to- 9 ±20% 8527 8429 
C .. H.t + CzH .. 0.02 
C4Ht + CZH2 0.02 
CsHt + CH3 0.02 
C,Ht + Hz +H 0.08 
c-C6Ht + H 0.30 
ac-C6Ht + H 0.38 

C3Ht + H2 ~ No Reaction 8632 

C3Ht + C2H4 ~ Adduct 8632 

c3IIt + C2II6 M Addu\,;l 8632 

C3Ht + N ~ C2Ht + HCN 0.88 1.25 x to- lO ±20% 8613 
CH2CHCN+ + H2 0.12 

C3Ht + H2 ~ No Reaction 8632 

C3H;'" + N ~ No Reaction < 1.00 x to- 11 ±20% 8613 

c: + H2 ~ C4H+ + H 1.00 1.30 X to- 1O ±20% 9021 8914 8309 

ct + D2 ~ C4D+ + D 1.00 3.20 x 10- 10 ±20% 8726 

Ct + C~ ~ C3Hi + C2H2 0.20 7.80x to- 1O ±30% 8805 
C"H'" + CH3 0.18 

CsHi + H2 0.48 
CsHt + H 0.14 

ct + C2H2 ~ C3Hi + C3 0.12 1.60 x to- 9 ±20% 8805 8709 8624 
C6H+ + H 0.88 

ct + C2H 4 ~ C2Ht + C4 0.27 1.40 x to- 9 ±30% 8805 
C3H; + C3H U.U~ 

C4Hi + C2H2 0.17 
CsH+ + CH3 0.09 
C6Hi + H2 0.39 

ct + CH2 ~ CI!H+ + H 1.00 1.70 x to-9 ±20% 8429 

C+ + CH4 ~ Products 1.00 1.50 x to- 9 ±20% 8429 

ct + O2 ~ ct + CO2 0.50 2.50 x to- 1O ±20% 8726 
C"O+ + 0 0.50 

Ct + HCN C4H+ + CN 0.28 1.95 x to- 9 ±60% 8924 8624 
CsN+ + H 0.57 
HCsN+ + hv 0.16 

ct + CO Adduct 1.00 4.50 x to-HI ±20% 8914 

C4H+ + H2 ~ C4Hi + H 1.00 1.65 X 10- 111 ±20% 9021 8914 8309 

~ No Reaction 8632 

C4H+ + CZH2 ~ C6Hi + H 1.00 1.22 X to- 9 ±35% 8805 8709 8624 

CH+ + CH2 ~ CIIHi + H 1.00 1.60 X to- 9 ±20% 8429 
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Table of Reactions - Continued 

Reactions Prpd. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

C4H+ + C4H4 ~ C4H4+ + C4H 0.55 2.20 x 10-9 ±20% 8429 
C/iHt + CZH2 0.37 
ClIHt +H 0.08 

C4H+ + HCN ~ C4Ht + CN 0.07 1.35 x 10-9 ±30% 8924 8624 
HCsN+ + H 0.91 
H2CsN+ + hli 0.03 

C4H+ + CO ~ Adduct 1.00 4.70 x 10- 10 ±20% 8914 

C4D+ + D2 ~ C4Dt + D 1.00 1.10x1O- 1O ±20% 8726 

CtHt + CZH2 C H3+ +H 0.05 2.80 x 10- 10 ±65% 8624 8121 7422 
CHt + hv 0.95 7105 

M Adduct 8709 8632 

C4Ht + C2D2 C4HD+ + C2HD 0.52 5.90 x 10- HI ±20% 9033 
Adduct + hv 0.48 

C4Ht + CH3CCH ~ CSH4+ + C2Hz 0.10 8429 
C7Ht + H 0.90 

C4Ht + C4H2 ~ CHt + C2H2 0.83 1.40 x 10-9 ±20% 8429 
CIIHt + H2 0.17 
CHHt + H 0.01 

C4Ht + C4H4 ~ C4Ht + C4H2 0.13 1.40 x 10-9 ±20% 8429 
C6Ht + C2H2 0.80 
CIIHt + H2 0.06 
CIIHt + hv <0.01 

C"Ht + HeN ~ Nn ReaC"tinn < ?JlO X 10- 11 Rli?4 

C4Ht + HC3N ~ H3C,N+ 1.00 1.70 x 10-9 ±20% 8518 

C"Ht + co ~ A clci IIct 1.00 310x 10- 11 +70% 8914 

~Ht + C2H2 ~ C6Ht + hv 1.00 2.20 x 10- 10 ±1O% 9033 8624 8121 

~ 
7422 7105 

Adduct 8709 8632 

C4Ht + C2D2 ~ C4H2D+ + C2HD 0.30 3.00 x 1O- HI ±20% 9033 
Adduct + hl' 0.70 

C4Ht + CH3CCH ~ CsHt + C2H2 >0.96 8429 
CHt + CH2 <0.04 

C4Ht + C4H2 ~ C6H:t + C2H2 1.00 7.40 X 10- 10 ±20% 8429 

C4Ht + C4H4 ~ C4Ht + C4H2 0.25 1.10x 10- 9 ±20% 8429 
C,Ht + CzHz 0.65 
ClIHt + H 0.10 

C4Ht + C-CtiH6 ~ C6Ht + C4Hz 1.00 8702 

C4Ht + HCN ~ No Reaction <5.oox 10- 11 8624 

C4Ht + CO ~ Adduct 1.00 1.30 x 10- 12 ±20% 8914 

C4Ht + CH30H ~ CH30Ht + C4H2 1.00 -3.00 x 10- 10 ±50% 8702 
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Table of Reactions - Continued 

Reactions Prod. Rate Canst. Ref. Footnotes 
Dist. (cm3/s) 

C4Ht + C2H2 -+ ~Ht + H2 0.10 1.20 x 10- 10 ±20% 8709 8624 b 

~Ht + H 0.75 
~Ht + hv 0.15 

M Adduct 8632 

C4Ht + CH3CCH -+ CsHt + C2H2 0.05 8429 
C7Ht + H 0.95 

C4Ht + C4H2 -+ C6Ht + C2H2 0.87 8.00 x lO-HI ±20% 8429 

M 
CgHt + hv 0.13 
Adduct 8709 

C4Ht + CH4 -+ ~Ht + C2H2 0.38 1.00 x 10-9 ±20% 8429 
CgHt + H 0.62 

CHt + HCN -+ No Reaction <3.oox 10- 11 8624 

I-C4Ht -I- C2H 2 -+ C3Ht -I- C3H 3 004 1RhX 10- 10 ±10% Rh24 R407 R31h 
c-C4Ht + C2H2 0.37 
~Ht + H2 0.08 
Ct;Ht + H 0.44 
C(,Ht -I- hlJ 0.06 

l-C4Ht + HCN -+ No Reaction <3.oox 10- 11 8624 

c-CHt + C2H2 -+ No Reaction < 1.00 X 10- 11 8407 

CHt + CH3CCH -+ ~Ht + C~ 0.40 8429 
C7Ht + H2 0.60 

CHt + C4H2 -+ ~Ht + C2H2 1.00 8429 

C4Ht + C4H4 -+ C6Ht + C2H2 1.00 8429 

C4Ht + CH3CCH -+ ~Ht + CH3 0.85 8429 
C7Ht + H 0.15 

CtIIt + N No Rc;a~tion < 1.00 x 10- 11 :20% 8613 

C4Ht + N -+ No Reaction < 1.00 x 10- 11 ±20% 8613 

ct + Hz -+ CsH+ + H 1.00 6.20 x 10- 10 ±20% 8914 

ct + D2 CsO'" + D 1.00 4.70 x 10- 111 .!...20% 9021 8726 

ct + C~ -+ C4Hi + C2H2 0.30 8.80x 10- 10 ±30% 8805 
CsH+ + CH3 0.41 
C6Hi + H2 0.11 
~Ht + H 0.18 

ct + C2H2 -+ C7H+ + H 1.00 1.80 x 10-9 ±30% 8805 

ct + C2H4 -+ C2~+ + Cs 0.18 1.70 x 10-9 ±30% 8805 
C3Hi + CH2 0.04 
C3Ht + C4H 0.05 
CsHi + C2H2 0.30 
C7Hi + H2 0.16 
C7Ht + H 0.27 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

ct 4- H 2O M Adduct 8632 

Cs+ + 02 ~ ct + CO + CO 0.13 1.90 x 10- 10 ±20% 8726 
ct + CO2 0.11 
Cso+ + 0 0.76 

Ct + HCN ~ CsH+ + eN 0.30 1.10 x 10-9 ±30% 8924 
C6N+ + H 0.70 

ct + CO ~ Adduct 1.00 6.40 X 10- 10 ±20% 8914 

CsH+ + D2 No Reaction <2.00 x 10- 12 9021 

CsH+ + CzHz ~ C7Hl + H 0.30 5.00 x 10- 11) ±30% 8805 
C,Ht + hv 0.70 

CsH+ + HCN ~ Hz~N+ + hv 1.00 9.10 X 10- 11 ±30% 8924 

CsH+ + CO ~ Adduct 1.00 2.30 x 10- 10 ±20% 8914 

CsD+ + D2 ~ No Reaction < 2.00 X 10- 13 8726 

CsHl + C2H2 ~ No Reaction < 1.00 x 10- 12 8805 

CsHl + CO No Reaction <5.OOX 10- 13 8914 

CsHt + CH3CCH ~ C6Ht + C2Hz 0.81 8429 
C8Ht + H 0.19 

CsHt + C4H 2 ~ C,Ht + C2Hz 0.43 5.60 x 10- 10 ±20% 8708 T=373 
~H5+ + hv 0.57 

CsHt + c-C6H6 ~ c-C6Ht + CSH4 8708 T=373 
c-C6Ht + CSH3 

C7Ht + C4H2 

~Ht + C2H2 

Adduct 

CsHt + CH3CCH ~ C6Ht + C2H2 0.57 8429 
C8H{ + H 0.43 

CsHt + CZH2 ~ C7Ht + hv 1.00 3.10 X 10- 11 ±40% 8708 T=373 

CsHt + CH3CCH ~ ~Ht + C2H2 0.56 8429 
C8Ht + Hz 0.44 

CsHt + C4H2 ~ C,H.t + C,H, 2.20 x 10- 10 ±40% 8708 T=373 
C7Ht + C2 
~Ht + hv 

c: + H2 ~ C6H+ + H -0.20 2.70 x 10- 10 ±20% 8914 
~Hl -0.80 

c: + CH4 CsH;t + CzHz 0.40 S.80x lO- to ±30% 8805 
C7Ht + Hz 0.21 
C,Ht + H 0.39 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Cl + C2H2 -+ CsHi + C3 0.38 1.40 x 10-9 ±30% 8805 
CsH+ + H. 0.62 

ct + C2H4 C4Hi + C4H2 0.09 1.30 x 10-9 ±30% 8805 
CsH+ + C3H 3 0.04 
C.Hi + C2H2 0.40 
C7H+ + CH3 0.16 
CgHt + H2 0.24 
CgHt + H 0.07 

ct + HCN -+ C.H+ + CN 0.06 8.50 x 10- 10 ±30% 8924 
C7N+ + H 0.19 
HC7N+ + hv 0.75 

ct + CO Adduct 1.00 7.40 x lO-1O ±20% 8914 

C.H+ + H2 -+ C('Ht + H 1.00 1.30 x lO-12 ±20% 8914 

C.H+ + C2H2 -+ CKHi + H 1.00 5.80 x lO-1O ±30% 8805 8709 

C.H+ + CO Adduct 1.00 2.80 x lO-1O ±20% 8914 

C,H+ + HCN -+ C,Ht + CN 0.04 5.lOx lO- JO ±30% 8924 
HC7N+ + H 0.53 
H2C7N+ + hv 0.43 

C,Hi + C2H2 -+ CKH3+ + H 0.69 1.40x lO- Hl ±30% 8805 
CKHt + hv 0.31 

~ Adduct 8709 

C.Hi + C4H2 -+ CIIHi + C2H2 1.00 8429 

C,Hi + C4H4 -+ CK~+ + C2H2 1.00 8429 

C,Ht + C2H2 -+ CIIHt >0.98 2.50 x lO-1O ±20% 8709 
CgH4' + H <0.02 

C,Ht + C4H 2 -+ CIIHt + C2H2 1.00 8429 

C,Ht + CH4 -+ CKHt + C2H2 1.00 8429 

C,Ht + C2Hz -+ CIIHt >0.98 7.00 x lO-l1 ±20% 8709 
CIIHt + H <0.02 

C,Ht + C4H2 -+ CIIHt + CZH2 1.00 8429 

C,Ht + ~Ht -+ CIIH6' + CZH2 1.00 8429 

C,Ht + CZH2 -+ CIIHt >0.98 4.00 x lO-1O ±20% 8709 
CIlHt + H <0.02 

C,Ht + C4H 2 -+ CIIHt + CZH2 1.00 8429 

C;Hs' + C4H4 -+ CIlH{ + C2H2 1.00 8429 

ac-C6Ht + H2 -+ C('H{ + hv 1.00 5.00 x 10- 11 ±20% 8920 8914 ab 

ac-C(,Ht + CO -+ Adduct 1.00 2.00 x 10- 10 ±20% 8914 
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GAS-PHASE KINETICS OF POSITIVE IONS 1501 

Table of Reactions -. Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

c-~Ht + Hz No Reaction < 5.00 x 10- 13 8920 8914 ab 

c-~Ht + C~ - C7Ht + Hz 1.00 7.50 x 10- 11 ±30% 8920 
\' , 

c-~Ht + CZH2 - CKHt + H 0.60 1.30 x lO- lO ±30% 8920 
CsHt + hv 0.40 

c-~Ht + CZH4 - CtiHi + CzH2 0.50 1.70 x 10- 10 ±30% 8920 
CKHi + H2 0.50 

c-~Hs+ + CzHti - C6Hi + CZH4 0.97 1.30 x 10- 10 ±30% 8920 
C7Hi + CH4 0.03 

c-~Ht + CHzCCHz- C7Hi + CzHz 0.30 5.20x 10- 10 ±30% 8920 
~H{ + Hz 0.70 

c-~Ht + CH3CCH - C7H{ + CzHz 0.18 2.30 x 10- 10 ±30% 8920 8429 
~Hi + Hz 0.78 
~Ht + H 0.05 

c-~Ht + CH3CHCHz- C7Hi + C2H4 1.00 3.40 x 10- 10 ±30% 8920 

c-~Ht + C4H6 - C7Hi + C3H4 0.35 3.30x 10- 10 ±30% 8920 
~Hi + CH4 0.10 
~Ht + CH3 0.20 
ClOHt + H2 + H 0.20 
ClOH9'" + H2 0.10 

C-~H5+ + CO No Reaction <5.00x 10- 13 8914 

c-~Ht + CH30H - Ct;HtiO+ + CH3 1.00 4.00 x 10- 11 ±30% 8920 

c-Ct;Ht + CH3CHO- C7Ht + CH30H 0.09 2.30 x 10- 10 ±30% 8920 
C?Ht + HzCO 0.47 

CsHi + H2O 0.16 
C6HsO+ + c..H4 0.28 

c-C~H.t + (CH:l)2CO - C?H?O+ + CzH .. 1.00 2.90 x 10- 10 ±30% 8920 

c-Ct;Ht + Dz - No Reaction <2.oox 10- 13 9131 

c-~Ht + CZH2 - No Reaction < 1.00 x 10- 13 9131 8709 

c-~Ht + C4H 2 - Adduct 1.00 5.00 x 10- 10 ±30% 9131 

c-Ct;Ht + c-C6H6 - Adduct 1.00 > 5.00 X 10- 11 9131 

~ Adduct 8632 

c-C6H6' + CsHs - CISHK' + C-CnH6 1.00 "1.80 X lU- 1O ±JU% 9lJl 

~Hi + CzHz - No Reaction < 1.00 x to- 13 8709 

CHi + CHJCCH - C7H{ + C2H4 1.00 8429 

CHi + C4Hz - No Reaction < 2.00 x 10- 11 8702 

c-C,Ht + CHJOH - CH30Ht + c-C6H6 1.00 2.00 x 10- 10 ±25% 8527 

C-~H7 + CH3CHO - CzHsO'" + C-C,H6 1.00 1.30 x lO- y ±25% 8527 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

C,Hg- + C4Hz --i> CllHt + hv 1.00 8708 T=373 

C,Ht + CzHz --i> CyHli + hv 1.00 8708 T=373 

C,Hi + C4Hz --i> Cl1Hli + hv 1.00 8708 T=373 

c-C,Ht + CH3CCH --i> CyHt + CH3 0.10 8429 
CIOHli + Hz 0.42 
CwHl1 + + hv 0.48 

CH3Cf>Ht + CH3CCH --i> CIIHli + C2H2 0.18 8429 
CyHt + C~ 0.18 
CyHt + CH3 0.13 
ClIlHli + Hz 0.20 
CwHll+ + hv 0.31 

~Ht + CH3CCH --i> C12H9'" + Hz 8429 
C12Hll 

+ + hv 

C10Ht + Dz --i> No Reaction <4.oox 10- 13 9131 

ClIlHt + C2Hz --i> No Reaction < 1.00 X 1O- 1Z 9131 

ClIlHt + C4Hz --i> Adduct 1.00 1.00 x 1O- 1Z 9131 

CwHt + CIIHs --i> No Reaction < 1.00 X 1O- 1Z 9131 

CIOHt + (CH3)3N --i> (CH3)JN+ + ClOHs 0.75 1.10 x 10-9 ±30% 9131 
(CH3)3NH + + Cl()H, 0.25 

ClOHt + NO --i> No Reaction <2.oox 10- 13 9131 

N+ + Hz --i> NH+ + H 1.00 5.00 x 10- 10 .::!:20% 8927 8821 8720 ab 

8523 8513 8307 
8010 7905 7602 
7506 6702 

N+ + p-Hz --i> NH+ + H 1.00 3.00 x 10- 10 ±30% 8821 HT= 163 

N+ + HD --i> NH+ + D 0.25 3.10 x 10- 10 ±20% 8821 8720 8513 
ND+ + H 0.75 

N+ + Dz - ND+ + D 1.00 1.50 x 10- 10 ±20% 8821 8720 8513 

N+ + CH4 --i> CHg- + NH 0.50 1.15 x 10-9 ±15% 8523 8514 8421 ab 

CHt + N 0.05 8010 7905 7708 
HCNH+ + Hz 0.36 
lIeN + + lIz + II 0.10 

N+ + C2H4 --i> CzH:t + NHz 0.10 1.60 x 10-9 .::!:20% 8007 
CzHt + NH 0.30 
Czflt + N 0.25 
HCN+ + CH3 0.15 
HCNH+ + CHz 0.10 
CH2CN+ + Hz 0.10 

N+ + NH3 - NHt + NH 0.20 2.35 x 10-9 ±20% 8524 8010 7905 
NHt + N 0.71 
NzH+ + Hz 0.09 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

N+ + N1 N+ + N1 1.00 2.55 X 10- 10 :t40% 7708 7421 

M Adduct 8632 

N+ -fl' H2O - H20 + + N 1.00 2.70 x 10-9 ±20% 8524 8010 7905 Db 

7202 7006 

N+ + O2 0+ + NQ 0.08 5.80x 10- 10 ±10% 8619 8615 8523 ab 

NO+ + 0 0040 8514 8017 8010 
ot + N 0.53 7905 7708 7602 

7417 7311 7007 
7001 6801 6603 

N+ + HCI HCI+ + N 9.00 x 10- HI ±20% 9015 
NCI+ + H 

N+ + H2S - NH+ + SH 0.03 1.90 x 10- 9 :t20% 8010 
S+ + NH2 0.12 
HS+ + NH 0.29 
H2S+ + N 0.56 

N+ + Hg - No Reaction < 1.00 x 10- 12 8015 

N+ + HCN - HCN+ + N 1.00 3.70x 10- 9 ±20% 9015 

N+ + CH3NH1 - CHt + C2N2 0.06 2.00 x 10- 9 ±20% 8010 
HCNH' + NH3 0.10 
CHNHt + NH2 0.07 
CHzNHl + NH 0.70 
CH3NHt + N 0.07 

N+ + C2N2 C2N+ + N2 0.70 1.40x 10- 9 :t30% 8515 
C2Nt + N 0.30 

N+ + HC3N - C3H+ + N2 0.50 4.20 x 10-9 ±20% 8518 
CHCCN+ + N 0.50 

N+ + CO - C+ + NO 0.01 5.60x 1O- HI ±25% 8701 8523 8514 ab 

CO ... + N 0.88 8426 8409 8408 
NO+ + C 0.11 8010 7905 7708 

6701 

N+ I I}zCO nco'" + NH 0.25 2.90 x 10- \.I ::!:ZO% 8010 
HzCQ+ + N -0.65 
NO+ + CH2 -0.10 

N+ + CH30H - CHt + HNO 0.04 3.lOx lO-9 ±20% 8010 
H2CO+ + NH2 -0.30 
CH2OH+ + NH 0.16 
CH3OH+ + N 0040 
NO+ + C~ -0.10 

N+ + CO2 - CO+ + NO 0.18 1.12 x 10- 9 ±10% 8010 7905 7708 
cot + N 0.82 6701 

N+ + CHOOH - HCO+ + HNO 1.00 6.20 x 10- 9 ±30% 7821 

N+ + NO - NO+ + N 0.85 5.55 x 10- 10 ±10% 8106 8010 7905 
Nt + 0 0.15 7708 6603 

N+ + N20 NO+ + N2 1.00 -S.50x 10- 10 6401 

N+ + COS - S+ + NCO 0.22 lAO x 10- 9 ±20% 8010 
CS+ + NO 0.05 
COS+ + N 0.73 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

NH+ + H2 ~ Ht + N 0.15 1.23 x 10-9 ±30% SOlO 7506 6702 
NHt + H 0.S5 

NH+ + Cfu ~ CHt + N 0.10 9.60 x 10- 10 ±20% SOlO 
NHt + CH3 0.20 
HCNH+ + H2 + H 0.70 

NH+ + C2H4 ~ C2Ht + NH3 0.10 1.50 x 10-9 ±20% S007 
C2Ht + NH2 0.25 
C2Ht + NH 0.25 
HCNH+ + CH3 0.20 
CHNHi + CH2 0.10 
CH2CNH+ + H2 0.10 

NH+ + NH3 ~ NHt + NH 0.75 2.40 x 10- 9 ±20% 8010 
NHt + N 0.25 

NH+ + N2 ~ N2H+ + N 1.00 6.50x 10- 10 ±20% SOlO 6702 

NH+ + H2O ~ NHi + OH 0.25 3.50x 10- 9 ±20% SOlO 
NHt + 0 0.05 
H2O+ + NH 0.30 
H30 + + N 0.30 
HNO+ + H2 0.10 

NH+ + O2 ~ Ot + NH 0.55 B.20x lO- HI ±20% BOlO 
HOt + N 0.20 
NO+ + OH 0.25 

NH+ + H2S ~ HS+ + NH2 0.15 1.70 x 10-9 ±20% BOlO 
H2S+ + NH 0.55 
NHS+ + H2 0.15 
NHSH+ + H 0.15 

NH+ + CH3NH2 ~ HCNH+ + NH3 + H 0.20 2.lOx 10-9 ±20% BOlO 
CHNHt + NH3 0.05 
CH2NHi + NH2 0.45 
CH3NHi + NH 0.20 
CH3NHt + N 0.20 

NH+ + CO ~ HCO+ + N 0.45 9.BOx 10- 10 ±20% BOlO 
NCO+ + H 0.55 

NH+ + H2CO ~ HCO+ + NH2 0.55 3.30x 10-9 ±20% 8010 
H2CO+ + NH 0.30 
CH;lOH+ + N 0_1<; 

NH+ + CH30H ~ HCO+ + NH3+ H 0.15 3.00 x 10- 9 ±20% 8010 
H2CO+ + NH3 0.15 
CHzOH+ + NHz 0_70 
CH30Ht + N 0.10 

M Adduct 8632 

NH+ + CO2 ~ HCOt + N 0.35 1.10 x 10-9 ±20% 8010 
NO+ + HCO 0.30 
HNO+ + CO 0.35 

NH+ + NO ~ NO+ + NH O.BO S.90x 10- 10 ±20% SOlO 
N2H+ + 0 0.20 

NH+ + COS ~ HS+ + NCO 0.05 l.SOx 10-9 ±20% SOlO 
NS+ + HCO 0.05 
COS+ + NH 0.S5 
HCOS+ + N 0.05 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

NHt + H2 --;,. NHt + H 1.00 1.95 X 10- 10 ±50% 8010 7506 6702 

NHt + C~ --;,. NHt + CH3 1.00 9.20 x lO-lIl ±20% 8010 7305 

NHi + C2H4 --;,. C2Ht + NH2 0.30 1.50 x 10-9 ±20% 8007 
C2Ht + NH 010 

CHzNHi + CHz 0.30 
CH1CHNHt + H 0.20 

NHi + NH3 --;,. NHt + NH2 0.50 2.30 x 10- 9 ±10% 8010 7304 7106 
NHt + NH 0.50 

NHt + N2 --;,. No Reaction <5.00x 10- 13 8018 8010 

NHi + H2O --;,. NHt + OH 0.03 2.90 x 10-9 ±20% 8617 8010 7709 
NHt + 0 0.04 
H30+ + NH 0.94 

NHt + Oz --;,. HNO+ + OH 0.15 1.40 x lO- lU ±20% 8010 
H2NO+ + 0 0.85 

NHt + H2S HS+ + NH3 0_10 L80 x 10- 9 ±20% 8010 7410 
H2S+ + NH2 0.40 
H3S+ + NH 0.15 
NHt + SH 0.25 
NHt + S 0.10 

NHi + CH3NH2 --;,. NH.t + H3CN 0.08 1.90 x 10-9 ±20% 8322 8010 
CH2NHi + NH3 0.20 
CH3NHt + NHz 0.53 
CH3NHt + NH 0.20 

NHt + CO No Reaction < 1.00 x 1O- lJ 8018 

NHt + H2CO --;,. NHt + HCO 0.20 2.80 x 10- 9 ±20% 8010 
CH2OH+ + NH 0.80 

NHt + CH30H --;,. NHt + CHsO 0-14 ::lOS x 10- 9 +)0% 8122 8010 
CH30Hi + NH 0.86 

NHt + CO2 --;,. No Reaction < 1.00 x 10- 12 8018 8010 

NHt + CHOOH --;,. Products 1.00 2.70x 10- 9 ±30% 7821 

NHt + CH3CHO--;,. HCO+ + CH3NH2 0.15 8.00 x 10-9 ±25% 8617 
CH3CO+ + NH3 0.11 
CH3CHO+ + NH2 0.19 
C2HSO+ + NH 0.55 

NUt + NO --;,. NO+ + NH2 LOO 700x 10- 10 +10% 8010 

NHt + COS --;,. NHSH+ + CO 0.80 1.50 x 10- 9 ±20% 8010 
H2NCO+ + S 0.15 
HCOS+ + NH 0_05 

NHt + H2 --;,. NHt + H 1.00 4.40 x 10- 13 ±20% 9029 8704 8523 
8416 8307 8103 
8010 7508 7506 

~ 
7412 

No Reaction 8632 

NHt + D2 --;,. No Reaction <2.00 x 10- 12 8704 7506 

NHt + CH4 NHt + CH3 1.00 3.90 x lO-w ±2S% 8010 8001 7305 
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Table of Reactions - , Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

NHt + C2H4 -+ NHt + C2H3 1.00 1.40 X 10-9 ±20% 8007 

NHt + NH3 -+ NHt + NH2 1.00 2.10x 10-9 ±12% 9029 8010 7711 
7516 7415 7308 
7304 7106 

NHt + N2 -+ No Reaction < 5.00 x 10- 14 8010 

NHt + H2O NHt + OH 1.00 -2.50 x lO-1O ±30% 8313 8010 7709 

NHt + O2 -+ No Reaction <5.00x 10- 13 8010 

M. Adduct 8632 

NH{ + H2S -+ NHt + SH 1.00 9.50x lO- lIJ ±50% 8405 8010 7410 

NHt + HCN No Reaction < 1.00 x 10- 11 7709 

NHt + CH3NH2 -+ NHt + CH2NH2 0.15 1.80 x 10-9 ±20% 8010 
CH3NH:t + NH3 0.50 
CH3NHt + NH2 0.35 

NHt + CO -+ No Reaction <5.00x 10- 13 8010 

NHt + H2CO -+ NHt + HCO 1.00 8.00 x 10- 10 ±50% 8010 7709 

NHt + CH30H -+ NHt + CH30 1.00 2.20 X 10-9 ±20% 8122 8010 

NHt + CO2 -+ No Reaction < 1.00 x 10-13 8010 
M Adduct 8632 

NHt + CHOOH -+ Products 1.00 9.00 x 10- 10 ±30% 7821 

NHt + NO -+ NO+ + NH3 1.00 7.20 x 10- 10 ±20% 8010 

NHt + COS -+ Products 1.00 -2.00x 10- 12 ±20% 8010 

NDt + Hz -+ NHD3+ + H 1.00 6.20 x 10- 13 ±50% 8704 II T=16 

NDt + O2 NDt + 0 1.00 1.00 x 10- 13 ±50% 8704 T=12 

NHt + H2 -+ No Reaction <4.00x lO-14 7711 

NAt + D2 -+ No Reaction < 1.00 x lO-13 7506 

NHt + C2H4 -+ No Reaction <5.oox 10- 13 8007 

*NHt + NH3 -+ NHt + *NH3 1.00 6.00 x 10-11) ±1O% 7611 
M Adduct 8632 

NAt + N03 -+ Products 1.00 1.90 x 10-9 ±25% 8206 

NHt + H2O M Adduct 8632 

NHt + Mg -+ MgH+ + NH3 1.00 8.00xlO- 1I ±20% 7710 T=623 

NHt + CH3NH2 -+ CH3NHt + NH3 1.00 2.00 x 10-9 ±30% 8322 

NHt + CH3NC -+ CH3CNH+ + NH3 1.00 1.60 x lO-1O ±30% 85lO 

NHt + HC3N No Reaction < 1.00 x 10- 14 7911 

N~+ + CO2 M Adduct 8632 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

NH3D + + Dz ~ NH2Dt + HD < 3.00 x 10- 13 8704 a T=12 
NHDt + Hz 

NHDt + H2 ~ NH3D+ + Dz < 8.00 X 10- 14 8704 a T=12 
NHzDi + HD 

NDt + NH3 ~ Products 1.00 1.50 x 10-9 ±25% 8206 

Nt + H ~ Products < 1.00 x 10- 11 9102 

Nt + D ~ Products < 1.00 x 10 - 11 9102 7901 

Nt + H2 ~ N2H+ + H 1.00 2.00 x 10-9 ±15% 9114 9102 8428 ab 

8010 7905 7602 
7506 7423 7209 
6907 6702 

Ni + D2 ~ N2D+ + D 1.00 1.25 X 10-9 ::t20% 9102 7901 6907 

Nt + C~ -i> CHi + Nz + H2 0.09 1.14 x 10- 9 ::t15% 9114 8927 SOlO 
CHt + N2 + H 0.91 8001 7905 7209 

Nt + CZH2 -i> CzH:t + Nz 1.00 4.30;x: 10- 10 7209 

Ni + N ~ N+ + Nz 1.00 < 1.00 x 10- 11 6S04 

Ni + NH3 -i> NHt + Nz 1.00 1.95 X 10- 9 ::t1O% 8318 8010 8001 
7905 

*Nt + Nz ~ N:t + *Nz 1.00 S.SOx 10- 10 ::t25% 8108 7611 
~ Adduct 8632 

Nt + 0 ~ 0+ + Nz 0.07 1.40 x 1O- lO ::t50% 7418 7004 6501 
NO+ + N 0.93 

Nt + H2O ~ H2O+ + Nz 0.79 2.40 x 10-9 ::t20% 8010 8001 7905 
NzH+ + OH 0.21 7S02 7202 7006 

Nt + Oz ot + Nz 1.00 5.00 x 10- 11 ::t15% 9"129 9114 S611 ab 

8523 8118 8010 
7905 7602 7417 
7311 7209 7007 
7001 6902 6801 
6603 

Nt + Ch ~ Products 1.00 6.00 x lO- lO ::t20% 8119 

Nt + Na ~ Na+ + Nz 1.00 1.30 X 10-9 ::t75% 8919 6901 

Nt + HzS ~ S+ + Nz + H2 0.16 1.65 x 10-9 ::t1O% 8401 SOlO 
HS+ + N2 + H 0.73 
HzS+ + Nz 0.11 
NzH+ + SH 0.01 

Nt + AT ~ Ar+ + Nz 1.00 2.00 x to- 13 ::t20% 9t07 8116 8114 ab 

Nt +Kr Kr+ + Nz 1.00 1.00 x 10- 12 ::t30% 8119 

Nt + Xe ~ No Reaction < 1.00 x 10- 13 8119 

Nt + Hg ~ Hg+ + Nz 1.00 1.20 x 10- 11 ±20% 8015 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Nt + HCN ~ HCN+ + N2 1.00 3.90 x 10- 10 ±1O% 8101 

Nt + CH3NH2 CHt + N2 + NHz U.21 1.2UX 10-9 ±3U% ~UlO 

CH2NHt + N2 + H 0.73 
CH3NHi + Nz 0.06 

Nt + CH3CN ~ CHCN+ + Nz + Hz 0.20 2.10 x 10-9 ±30% 8804 
CH2CN+ + N2 + H 0.65 
CH2CNH+ + N2 0.15 

Ni + C2N2 ~ CzNi + N2 >0.95 8.60 x 10- 10 ±30% 8515 

N+ 2 + HC3N ~ CHCCN+ + Nz 1.00 3.50x 10-9 ±25% 8518 8509 

Nt + CO ~ CO+ + N2 1.00 7.30x 10- 11 ±20% 8010 8001 6701 

Ni + H2CO ~ HCO+ + N2H 0.87 2.90 x 10-9 ±30% 8010 
HzCO+ + Nz 0.13 

Nt + CH30H ~ CHt + Nz + OH 0.79 1.40 x 10- 9 ±30% 8010 
CHzOH+ + Nz + H 0.12 
CH3OH+ + Nz 0.09 

Ni + COz ~ COt + Nz 1.00 8.00x 10- 10 ± 20% 8927 8010 8001 
7905 7209 6701 

Nt + CHOOH ~ HCO+ + Nz + OH 1.00 4.60 x 10-9 ± 30% 7821 

Nt + CSz ~ S+ + Nz + CS 0.60 1.20 x 10- 9 ± 20% 9020 
Cst + N, 0040 

Nt + NO ~ Products 1.00 4.10 x 10- 10 ±20% 8119 7905 7209 
7004 6603 

Nt + NzO ~ NzO+ + N2 1.00 6.00 x 10- 10 ± 20% 8822 7209 7009 
6804 

Nt + SO:! ~ SOt + N2 1.00 5.20x 10- 10 ±30% 7606 7209 

Ni + COS ~ S+ + Nz + CO 0.80 1.36 x 10- 9 ±20% 8010 7209 
COS+ + Nz 0.20 

N2H+ + D ~ NzD+ + H 1.00 8.00 x to- 1l ±20% 8503 

N2H+ + H2 Ht + N2 1.00 5.tOx to-I!! ±80% 7714 7310 

M Adduct 8632 

NzH+ + C~ ~ CHt + Nz 1.00 8.90x 10- 10 ±30% 7005 

N2H+ + C2Hz ~ CzHt + Nz 1.00 1.41 X 10- 9 ±25% 7713 

NzH+ + CZH6 ~ CzHs+ + Nz + Hz 0.87 1.30 x 10- 9 ±35% 8117 
CzHi + Nz 0.13 

NzH+ + NH3 ~ NHt + N2 1.00 2.30 X 10-9 ±20% 7415 

*NzH+ + Nz ~ NzH+ + *Nz 1.00 4.10 x 10-9 ±20% 8108 

M Adduct 8632 

N2H+ + 0 ~ OH+ + N2 1.00 1.40 x 10- 10 ±20% 8006 

N2H+ + H2O ~ H30+ + N2 1.00 2.60 x 10-9 ±10% 8208 7510 7420 
7309 7005 
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GAS-PHASE KINETICS OF POSITIVE IONS 1509 

Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

N2H+ + O2 ~ No Reaction < 8.00 x 10- 13 7406 

N2H+ +Kr ~ No Reaction <4.oox 10- 13 8418 

NzH+ + Xe ~ XeH+ + Nz 1.00 6.60 x 10- 111 ±30% 8006 7607 

NzH+ + HCN ~ HCNH+ + N2 1.00 3.20 x 10-9 ±20% 7605 

NzH+ + CH3CN ~ CH3CNH+ + N2 1.00 4.10x 10-9 ±25% 7605 

N2H+ + CZN2 HC2Ni + Nz 1.00 1.20 x 10-9 ±30% 8412 

NzH+ + HC3N CHCCNH+ + N2 1.00 4.20 X 10-9 ±20% 8518 8412 7911 

N2H+ + CO HCO+ + N2 1.00 B.80x 1O- lU ±25% 8006 

NzH+ + H2CO CH2OH+ + N2 1.00 3.30x 10-9 ±25% 7906 

NzH+ + CH30H ~ CHt + N2 + H2O 0.11 1.70 x 10-9 ±20% 7706 
CH2OH+ + Nz + H2 0.07 
CH30Hi + N2 0.82 

N2H+ + CO2 HCOt + N2 1.00 1.07 x 10-9 ±20% 8208 8006 7607 
7005 

N2Il + + CIloon CII(OII)t + Nz 1.00 1.70 x 10- 11 :!:30% 7820 

N2H+ + CS2 ~ HCSt + Nz 1.00 6.00 x 10-HI ±40% 8208 

NzH+ + NO HNO+ + N2 1.00 3.40 x 10-H) ±40% 820B 7104 

N2H+ + NzO ~ HN20+ + N2 1.00 1.25 X 10-9 ±50% 8208 7005 

N2H+ + S02 ~ HSOt + N2 1.00 1.70 X 10-9 ±40% 8208 

N2D+ + H ~ NzH+ + D 1.00 2.50 X 10- 11 ±20% 8503 

0+ + H H+ + 0 1.00 6.40 x lO- lIJ ±30% 8403 7205 

0+ + H..: OH+ + II 1.00 1.62 x 10-\1 :!:20% 9122 8724 8403 
8010 7506 6702 

0+ + HD OH+ + D 0.54 1.22 x 10-<) ±40% 9128 9006 8724 
OD+ + H 0.46 

0+ + D2 ~ OD+ +D 1.00 1.04 x 10- 9 ±20% 8724 

0+ + C~ CHt + OH 0.11 1.00 x 10-9 ±20% 8010 
CH.t + 0 0.89 

0+ + C2H6 ~ C2Ht + H2O 0.70 1.90 x 10-9 ±20% 8117 
C2IIt + OB 0.30 

0+ + NH3 ~ NH! + 0 1.00 1.20 X 10- 9 ±20% 8010 

0+ , N;:! NO'" + N 1.00 1.20 x lO- l :2 :!:10% 9036 8718 8010 ~" 

7816 7808 7718 
7417 7311 7306 

M 
6902 6803 6801 

Product 8632 

0+ + H2O· H2O+ + 0 1.00 2.60 X 10- 9 ±15% 8925 8010 7202 
7006 

J. Phys. Chem. Ref. Data, Vol. 22, No.6, 1993 



1510 VINCENT G. ANICICH 

Table of Reactions - : Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

0+ + 02 ~ ot + 0 1.00 2.10x 10- 11 ±1O% 8523 8010 7816 
7808 7718 7602 
7417 7311 7306 
6902 6801 

*0+ \, + O2 ~ 0+ + *02 < 1.00 X 10- 12 7421 

0+ + H2S ~ S+ + H2O 0.11 1.90 x 10-9 ±20% 8010 7507 
HS+ + OH 0.21 
HzS+ + 0 0.68 

0+ + HCN CO+ + NH -0.33 3.50 x 10-9 ±20% 8512 
HCO+ + N -0.33 
NO+ + CH -0.33 

0+ + CH3NHz ~ CHNHt + H2O 0.15 2.10 x 10- 9 ±20% 8010 
CH2NHt + OH 0.79 
CH3NHt + 0 0.06 

0+ + CO ~ No Reaction < 5.00 x 10- 13 8010 

*0+ + CO ~ 0+ + *CO 1.00 4.40 x 10- 10 ±30% 7421 

0+ + HzCO HCO+ + OH 0.40 3.50x 10-9 ±30% 8010 
H2CO+ + 0 0.60 

0+ + CH30H ~ H2CO+ + HzO 0.05 1.90 x 10-9 ±30% 8010 
CHzOH+ + OH 0.70 
CH3OH+ + 0 0.25 

0+ + CO2 ot + CO 1.00 1.10 X 10-9 ±20% 9022 8010 7602 
7417 7211 7007 
6801 6604 

0+ + CHOOH ~ HOt + HCO 5.00 x 10-9 ±30% 7821 
HCO+ + HOz 

0+ + NO ~ NO+ + 0 1.00 8.00 x 10- 13 ±15% 7808 7718 7519 
7419 7102 6603 

*0+ + NO 0+ + *NO <5.00x 1O- 1Z 7421 

0+ + N02 NOt + 0 1.00 1.60 x 10-9 ±30% 7102 T=393 

0+ + N20 ~ NzO+ + 0 1.00 6.30 X 10- 10 ±30% 7102 T=393 

0+ + S02 ot + SO 1.00 -8.00x 10- 10 ±50% 8401 

0+ + COS ~ S+ + COz 0.03 6.70 x 10- 10 ±20% 8010 
co~+ + 0 0_97 

OH+ + H2 ~ HzO+ + H 1.00 9.70 x 10- 10 ±20% 8818 8104 7506 
6702 

OH+ + Cli. ~ CHt + 0 0.13 1.45 x 10-9 ±1O% 8006 8001 7806 
H3O+ + CH2 0.87 7305 

OH+ + C2H6 ~ H30 + + CZH4 0.10 1.60 x 10-9 ±20% 8117 
CzHt + HzO + H 0.65 
C2HS+ + H2O 0.20 
C2Ht + OH 0.03 
CzHt + 0 0.02 
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GAS-PHASE KINETICS OF POSITIVE IONS 1511 

Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

OH+ + NH3 ~ NHt + OR 0.50 1.84 x 10-9 ±30% 8818 7709 
NHt + 0 0.50 

OH+ + N2 ~ N2H+ + 0 1.00 2.40 x 10- 10 ±30% 8818 8104 8006 
\. , 

8001 7806 7716 

OH+ + H2O ~ H2O+ + OH 0.55 2.89 x 10-9 ±10% 7304 
H3O+ + 0 0.45 

OH+ + O2 ~ ot + OH 1.00 3.80x lO- HI ±50% 8818 8104 7806 
6702 

OH+ + H1S -+ H2S+ + OH 0.60 2.00 x 10-9 ±30% 8818 8714 8104 
H3S+ + 0 0.40 7806 7410 

OH+ + Xe -+ Xe+ + OH 0.80 9.20 x 1O- 1U ±20% 8104 
XeH+ + 0 0.20 

OH+ + CO -+ HCO+ + 0 1.00 8.40 X 10- 10 ±20% 8818 8104 8006 
8001 7806 7716 

OH+ + H1CO H2CO+ + OH 0.40 1.86 x 10- 9 ±10% 7806 
CH2OH+ + 0 0.60 

OH+ + CO2 -+ HCOt + 0 1.00 1.35 X 10-9 ±15% 8818 8104 8001 
7806 7716 7715 

OH+ + CH3SH ~ Products 1.00 1.10 x 10- 9 ±1O% 8714 

OH+ + CS2 ~ CSt + OH 1.50 x 10- 9 ±30% 8818 
HC2S+ + 0 

OH+ + C2HsSH ~ Products 1.00 3.50 x 10-9 ±1O% 8714 

OH+ + (CH3)zS Products 1.00 2.30 x 10-9 ±10% 8714 

OH+ + NO NO+ + OH 1.00 8.15 x 10- 111 ±15% 8818 8104 8018 
8008 7806 

OH+ + N02 ~ NO+ + H02 1.30 X 10-9 ±30% 8818 
NOt + OH 

OH+ + N20 ~ NO+ + HNO 0.11 1.33 x 10- 9 ±20% 8818 8104 7806 
NzO+ + OH 0.16 
HN2O+ + 0 0.72 

OH+ + S02 ~ SOt + OH 2.10 x 10-9 ±30% 8818 
HSOt + 0 

OD+ + SiH4 ~ Si+ + HDO+ Hz + H 0.03 6.60 x 10- to ±20% 7320 
SiH+ + HDO+ Hz 0.09 
SiHt + HDO+ H 0.21 
SiHt + HDO 0.27 
SiOD+ + Hz + H2 0.26 
SiOHzD+ + Hz 0.13 

H2O+ + H2 H3O+ + H 1.00 7.60xlO- 1U ±15% 8104 8009 7506 
6702 

H20 + + C~ ~ H30 + + CH3 1.00 1.12 X 10-9 ±10% 8818 8009 8001 
7806 7305 

H20 + + C2H4 ~ CzHt + H2O 1.60 x 1{)-9 ±30% 8009 
C2HS+ + OH 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

H2O+ + C2H6 ~ H3O+ + C2Hs 0.83 1.60 x 10-9 ±20% 8117 
C2Ht + H20 + H2 0.12 
C2Ht + H20 + H 0.01 
C2Ht + H2O 0.04 

H20 + + N ~ NO+ + H2 1.90 x 10- 10 ±50% 8008 
HNO+ + H 

H20 + + NH3 ~ NHt + H2O 0.70 3.15 x 10- 9 ±10% 7709 
NHt + OH 0.30 

H2O+ + N2 No Reaction <1.00xlO- 11 7806 

~ Adduct 8632 

H20 + + 0 No Reaction < 4.00 X 10- 11 8008 

H20 + + H2O H3O+ + OH 1.00 1.85 x 10-9 ±15% 7304 7202 

H20 + + O2 ot + H2O 1.00 3.30 X IO- HI ±45% 8818 8104 8018 
8009 7806 6702 

H20 + + Na ~ Na+ + H2O 1.00 6.20 X 10-9 ±30% 8919 

H20 + + H2S ~ H3O+ + SH 0.24 2.00 x 10-9 ±25% 8818 8714 8104 
H2S+ + H2O 0.42 7806 7410 
H3S+ + OH 0.34 

H20 + + Xe ~ Xe+ + H2O 1.00 8.00 x 10- 10 ±20% 8104 

H2O+ + HCN H3O+ + CN <0.50 2.10x 10-9 ±1O% 8101 
HCNH+ + OH >0.50 

H2O+ + C2N2 ~ HC2Nt + OH 1.00 1.00 x 10-9 ±30% 8412 

H2O+ + CO ~ HCO+ + OH 1.00 4.25 x lO-H) ±20% 8818 8104 8009 
8006 8001 7806 

H2O+ + H:2CO ~ HlCO+ + HlO OJ;R ?.07 x 10-9 ±10% 7ROll 
CH2OH+ + OH 0.32 

H20 + + CO2 No Reaction < 1.00 x 10- 11 7806 
~ Aduut.:l 8632 

H20 + + CH3SH ~ Products 1.00 1.10 x 10-9 ±10% 8714 

H2O'" + C2HsSH Products 1.00 3.30x lO-9 ::!:10% 8714 

H20 + + (CH3)2S ~ Products 1.00 2.10 x 10- 9 ±10% 8714 

H2O .... + NO NO' + H2O 1.00 4.60 x 10- 10 ::!:20% 8818 8314 8104 

8009 8008 7806 

H20 + + N02 ~ NOt + H2O 1.00 1.20 X 10-9 ±30% 8818 8009 

H2O+ + N20 ~ Products 1.00 4.80 x 10- 12 ±30% 8818 7806 

~ Adduct 8632 

H20 + + S02 ~ SOt + H2O 2.00 x 10-9 ±30% 8818 
HSOi + OH 
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GAS-PHASE KINETICS OF POSITIVE IONS 1513 

Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

DzO+ + SiH4 ~ HDzO+ + SiH3 0.15 5.30x 10- 10 ±20% 7320 
SiHt + D 20 + H2 0.36 
SiHt + D20 + H 0.39 
SiOD+ + HD + Hz + H 0.02 
SiOHD+ + Hz + HD 0.01 
SiOHzD+ + HD + H 0.06 
SiOH2Dt + Hz 0.01 

H3O+ + Hz No Reaction <5.oox lO-15 7711 

H30 + + D2 No Reaction < 1.00 x 10- 12 7506 

H3O+ + C2H4 C2Ht + H2O 1.00 5.15 X 10- 11 ±30% 8807 8115 

H3O+ + NH3 NHt + H2O 1.00 2.23 X 10- 9 ±10% 8818 8019 7904 
7711 7709 7415 
7308 

H3O+ + H2O ~ Adduct 8632 

H3O+ + D20 ~ Products 1.00 2.20 x 10- 9 ±20% 8019 

H30 + + H2S H3S+ + H2O 1.00 1.65 X 10- 9 ±15% 8818 8714 7904 
7809 

H3O+ + HCN ~ HCNH+ + H2O 1.00 3.80 X lO-9 ±15% 7819 7809 7605 

H3O+ + CH3CN CH3CNH+ + H2O 1.00 4.50X 10- 9 ±IS% 9112 8618 7605 

H3O+ + HC3N ~ CHCCNH+ + H2O 1.00 3.90 x 10- 9 ±30% 8412 7911 

H30 + + H2CO ~ CHzOH+ + H2O 1.00 3.00 X lO-'.1 ±25% 7906 7904 7812 

H30 + + CH30H CH30Ht + H2O 1.00 2.50x 10- 9 ±2S% 7904 7812 

H3O+ + CHOOH ~ CH(OH):t + H2O 1.00 2.50 X to- 9 ±15% 7820 7904 7818 

H3O+ + CH2CO ~ CH)CO+ + H2O 1.00 2.00 x to-<) ±2S% 7904 

H3O+ + CH3CHO ~ C2HsO+ + H2O 1.00 3.55 X 10-9 ±25% 8617 7904 

H3O+ + CzHsOH ~ C2HsOHi + H2O 1.00 2.80 X 10- 9 ±2S% 7904 

H3O+ + (CH3)zO ~ (CH3hOH+ + H2O 1.00 2.70 x lO-9 ±25% 7904 

H30 + +CH3COOH~ CH3CO+ + H20 + H2O 0.05 3.00 x 10- 9 ±30% 7818 
CH3C(OH)t + H2O 0.95 

H3O+ + (CH3)2CO~ Products 1.00 3.80 x 10- 9 ±30% 9112 

H30+ + CH3COOCH3'"""" Products 1.00 2.60 x lO-9 ±30% 9112 

H3O+ + CH3SH '"""" Products 1.00 1.00 X 10-9 ±10% R714 

H30 + + CS2 '"""" HC2S+ + H2O 1.00 3.05 X lO-1O ±30% 8818 8807 

H,Q+ + C"H .. SH '"""" 
Product!il 100 300x 10-9 1:10% 8714 

H3O+ + (CH3)2S '"""" Products 1.00 2.10x 10-'.1 ±1O% 8714 

H.O+ + N:lO ~ Arlrluct 8632 

H3O+ + S02 ~ Adduct 8632 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

D3O+ + NH3 ~ Products 1.00 2.20 x 10-9 ±20% 8019 

D3O+ + H2O ~ Products 1.00 2.00 x 10-9 ±20% 8019 

D3O+ + SiH4 ~ SiHt + D20 + HD -0.80 > 1.40 x 10- 10 ±20% 7320 
Si~D+ + D20 -0.20 

ot + H2 ~ No Reaction < 1.00 x 10- 13 7408 6702 

* Adduct 8632 

ot + C~ ~ CH(OH)t + H 1.00 6.00 x 10- 12 ±15% 9106 9005 8927 ab 

8612 8508 8419 
8406 8123 8010 

* 
7912 7810 7314 

Adduct 8632 

ot + CH3D ~ CH(OH)t + D 0.24 4.60 x 10- 12 ±30% 8612 
CH2DOt + H 0.76 

ot + CH2D2 ~ CH2DOt + D 0.48 3.80 x 10- 12 ±30% 8612 
CHD20t + H 0.52 

ot + CHD3 ~ CHD20t + D 0.79 2.50 x 10- 12 ±30% 8612 
CD(OD)t + H 0.21 

ot + CD4 CD(OD)t + D 1.00 1.70 X 10- 12 ±30% 8612 

ot + N ~ NO+ + 0 1.00 1.50 x 10- 111 ±50% 7717 6603 

ot + NH3 ~ NHt + O2 1.00 2.10xlO- 9 ±20% 8318 8010 7308 

ot + N2 ~ NO+ + NO 1.00 < 1.00 X 10- 15 6502 

M Adduct 8632 

ot + H2O ~ No Reaction < 1.00 x 10- 12 8419 8018 

* Adduct 8632 

*ot + O2 ~ ot + *02 1.00 3.90 x 10- 10 ±1O% 8506 8021 

* Adduct 8632 

ot + H20 2 H20t + 02 1.00 1.50 x 10- 9 ±30% 7513 

ot + 0 3 
M Adduct 8632 ~ 

ot + Na ~ Na+ + O2 >0.90 1.20 x 10-9 ±60% 8919 6901 
NaO+ + 0 <0.10 

Ot + H2S ~ H2S+ + O2 1.00 1.40 X 10-9 ±20% 8010 7507 

ot +Kr * Adduct 8632 

ot + Xe Xe+ + O2 1.00 5.50x 10- 11 ±25% 9022 8413 

ot + HCN ~ No Reaction < 1.00 x 10- 11 8101 

ot + CH3NH2 ~ CHlNHt + H02 0.35 -1.oox 10-9 ±50% 8010 
CH3NHt + O2 0.65 

ot + CO ~ No Reaction < 1.00 x 10- 11 8018 

ot + H2CO ~ H2CO+ + O2 0.90 2.30 x 10- 9 ±20% 8010 
HCO+ 0.10 

J. Phys. Chem. Ref. Data, Vol. 22, No.6, 1993 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

ot + CH30H ~ CH2OH+ + H02 -0.50 -1.00 x 10- 9 :t50% 8010 
CH3OH+ + O2 -0.50 

at + COz ~ No Reaction < 1.00 x 10- 11 8018 

~ Adduct 8632 

at + CHOOH ~ HCOt + H02 1.80 x 10-9 :t30% 7821 
CHOOH+ + O2 

ot + NO NO+ + O2 1.00 4.60x 10- 10 :t30% 7808 7517 7417 ab 

7007 7004 6603 

at + NOz ~ NOt + Oz 1.00 6.60x 10- 10 :t30% 7303 

at + N20 ~ No Reaction < 1.00 X 10- 11 8018 

M Adduct 8632 

ot + S02 No Reaction < 1.00 X 1O- 1Z 8419 8401 

~ Adduct 8632 

at + cos COS+ + Oz 1.00 1.00 x 10-9 ±20% 8010 

Hot + Hz Ht + Oz 1.00 3.30 x 10- 10 :t10% 8414 8006 7514 
7505 7312 

Hot + C~ ~ CHt + Oz + Hz 0.08 1.00 x 10-9 :t30% 7613 
CHt + Oz 0.92 

Hot + CzH4 ~ C2Ht + Oz + Hz 0.77 1.10 x 10-9 :t30% 7613 
CzHt + 02 0.23 

Hot + Cz~ ~ CzHt + O2 + Hz + H2 0.02 1.40 x 10-9 :t20% 7613 
C2H5' + 02 + H2 0.98 

HOt + NH3 ~ NHt + H02 0.04 1.90 x 10-9 ±20% 7613 7516 
NHt + O2 0.96 

HOt + N2 ~ N2H+ + O2 1.00 8.00 x 10- 10 ±30% 7516 

HOt +Ar ArH+ + O2 1.00 <5.00X 10- 12 7512 

HOt +Kr ~ KrH+ + O2 1.00 4.30 x 10- 10 ±20% 8006 

HOt + CO2 ~ HCOt + O2 1.00 1.10 X 10-9 ±30% 7516 

HOt + NO ~ Products 1.00 7.00 x 10- 10 ±30% 7517 

VOl + V2 ~ VI + 02 1.00 2.80 x 10- 111 ±25% 8414 8006 

H20t + NH3 ~ NHt + H02 1.00 1.80 x 10-9 :t30% 7513 

HzOi'" + H2O ~ H3O+ + HOz 1.00 1.70 X 10- 9 ±30% 7513 

H2Oi'" + H20 z ~ H30t + H02 1.00 -6.00 x 10- 10 ±50% 7513 

HzOt + CO ~ No Reaction < 1.00 x 10- 11 7513 

HzOi + NO ~ NO+ + H20 2 1.00 5.oox lO- lfl ±30% 7513 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

F+ + H2 -7 H+ + HF 0.03 1.04 x 10-9 ±20% 9013 8601 
Hi + F 0.60 
HF+ + H 0.37 

F+ + D2 -7 D+ + DF 0.05 7.00 x 10- 10 ±20% 9013 
Di + F 0.60 
DF+ + D 0.35 

F+ + CRt -7 CHi + HF + H 0.15 1.70 x 10- 9 ±20% 9013 8601 
CHt + HF 0.83 
CRt + F 0.02 

F+ + C2H2 C2H+ + HF 0.14 1.40 x 10-9 ±20% 9013 
C2Hi + F 0.86 

F+ + CZH4 - CzHt + HF + H 0.27 1.40 x to- 9 ±20% 9013 
CzHt + HF 0.66 
CzHt + F 0.06 

F+ + C-C6H6 -7 C3Ht + C3H3F 0.16 2.00 x 10- 9 ±20% 9013 
C4~+ + C2H 2F 0.55 
CsHt + CH3F 0.06 
c-~Ht + F 0.23 

F+ + NH3 NH+ + HF + H 0.05 2.05 x 10-9 ±20% 9013 8601 
NHt + HF 0.79 
NHt + F 0.12 
HF+ + NH2 0.04 

F+ + N2 -7 Nt + F 1.00 9.70 x to- 1Cl ±20% 9013 8620 8601 

F+ + H2O -7 0+ + HF + H 0.17 3.10 x to- 9 ±20% 9013 
OH+ + HF 0.06 
H20 + + F 0.66 
HF+ + OH 0.11 

F+ + O2 0+ + FO 0.07 8.65 x 10- 10 ±20% 9013 8620 8601 
ot + F 0.81 
FO+ + 0 0.12 

F+ + H2S S+ + HF + H 0.16 7.60 x to-to ±20% 9013 8601 
HS+ + HF 0.84 

F+ +Ar - Ar+ + F 1.00 -1.00 X 10- 11 ±60% 8620 

F+ + CO -7 CO+ + F 0.96 9.80 x 10- 10 ±20% 9013 8601 
CF+ + 0 0.04 

F+ + CO2 cot + F 1.00 1.15 X 10- 9 ±20% 9013 8601 

F+ + NO -7 NO+ + F 0.90 9.40 x 10- 10 ±20% 9013 8601 
FN+ + 0 0.10 

F+ + N20 -7 0+ + FN2 0.10 8.00 x 10- 10 ±20% 8601 
NO+ + FN 0.90 

F+ + S02 -7 SO+ + FO 1.00 2.20 x 10-9 ±20% 8601 

F+ + COS S+ + FCO 0.95 1.45 x 10- 9 ±20% 9013 8601 
COS+ + F 0.05 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Ne+ + Hz No Reaction < 2.00 X 10- 14 8725 8126 7714 
7603 7010 

Ne+ +I.HD -+ No Reaction <2.00x lO-14 8725 

Ne+ + D z No Reaction <2.00x 10- 14 8725 

Ne+ + He ~ Adduct 8632 

Ne+ + CRt CH+ + H2 + H + Ne 0.04 2.10 x lO-l1 ±20% 8126 7702 7010 
CHi + H2 + Ne 0.20 
CHt + H + Ne 0.24 
C~+ + Ne 0.52 

Ne+ +. CZH4 C2Ht + H + Ne 0.82 1.20 x lO-9 ±20% 8126 
C2Ht + Ne 0.18 

Ne+ + CZH6 Products 1.00 6.00 x to- lIl ±20% 70tO 

Ne+ + NH3 -+ NH+ + H2 + Ne 0.02 2.25 x 10- 10 ±20% 8126 7010 
NHi + H + Ne 0.86 
NH.t I Nc 0.12 

Ne+ + N2 -+ Nt + Ne 1.00 1.10 x 10- 13 ±40% 8315 8126 7702 
7204 7010 

Ne+ + H2O -+ HzO+ + Ne 1.00 8.00 x 10- 10 ±1O% 8126 7801 7202 
7006 

Ne+ + O 2 0+ + 0 + No 1.00 6.00 x 10- 11 =10% 8315 8126 7702 
7204 7010 7003 

*Ne+ + Ne -+ Ne+ + *Ne 1.00 3.40 x lO- HI ±25% 9023 
M Adduct 8632 

Ne+ + Si~ -+ Si+ + Ne + Hz + H2 0.37 5.30 x 10- 10 ±30% 9002 
SiH+ + Ne + H2 +H 0.54 
SiH2+ + Ne + Hz 0.08 

Ne+ + H2S -+ S+ + H2 + Ne 0.45 5.00 x 10- 10 ±20% 8126 
HS+ + H + Ne 0.45 
HzS+ + Ne 0.10 

Ne+ + Ar -+ Ar+ + Ne 1.00 -6.00 x 10- 15 ±50% 7815 

Ne+ +Kr -+ No Reaction < 1.00 X 10- 14 7817 

Ne+ + Hg -+ No Reaction <5.oox 10- 13 8016 7317 

Ne' + CO -+ No Reaction < 1.00 x 10- 13 8315 8126 7702 
7010 

Ne+ + CO2 CO+ + 0 + Ne 1.00 6.00 x 10- 11 ±30% 8126 7702 7010 

Ne+ + NO -+ N+ + 0 + Ne 0.91 1.45 x 10- 10 ±20% 8126 7702 7010 
0+ + N + Ne 0.09 

Ne+ + N20 N+ + NO + Ne 0.18 3.70x 10- 10 ±1O% 8126 7702 
0+ + Nz + Ne 0.06 
Nt + 0 + Ne 0.23 
NO+ + N + Ne 0.52 
N2O+ + Ne 0.01 

Ne+ + 50z -+ 50+ + 0 + Ne 1.00 2.20x 10-9 ±20% 8126 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Ne+ + COS ~ S+ + CO + Ne 0.47 1.40 x 10-9 ±20% 8126 
CO+ + S + Ne 0.47 
cs ... + 0 + Nt;; 0.06 

NeH+ + H2 ~ Hi + Ne 1.00 2.00 x 10- 11 ±50% 7008 T=2oo 

NeH+ + He ~ HeH+ + Ne 1.00 3.80 x 10- 14 ±50% 9130 

NeH+ + C2H4 ~ CzHt + Hz + Ne 0.77 1.80 x 10-9 ±20% 7610 
C2Ht + H + Ne 0.23 

Na+ + H2 ~ No Reaction < 1.00 X 10- 13 8320 T=80 
~ Adduct 8632 

Na+ + C~ ~ No Reaction < 1.00 x 10- 13 8320 T=80 
~ Adduct 8632 

Na+ + N2 No Reaction < 1.00 x 10 - 13 8320 T=80 
~ Adduct 8632 

Na+ + H2O No Reaction < 1.00 x 10- 13 8320 

~ Adduct 8632 

Na+ + O2 ~ No Reaction < 1.00 x 10- 13 7103 

~ Adduct 8632 

Na+ + 0 3 - No Reaction < 1.00 X 10- 11 6802 

Na+ + CO - No Reaction < 1.00 x 10- 13 8320 T=80 
~ Adduct 8632 

Na+ + CO2 ~ Adduct 8632 

Na+ + NO - No Reaction < 1.00 x 10- 13 7103 

Na+ + S02 !Y1 Adduct 8632 

Mg+ + Oz ~ Adduct 8632 

Mg+ + HZ0 2 - MgOH+ + OH 1.00 1.30 x 10-9 ±50% 8113 

Mg+ + 0 3 - MgO+ + O2 1.00 7.00 x 10- 10 ±50% 8113 6802 

Mg+ + Cb - MgCI+ + Cl 1.00 4.40 x lO- HI ±50% 8113 

Mg+ + Br2 ~ MgBr+ + Br 1.00 2.50 x 10- 10 ±50% 8113 

Mg+ + N20 ~ No Reaction <S.oox 10- 13 8113 

Al+ + HD ~ No Reaction < 2.00 x 10- 14 9009 

Al+ + D2 ~ No Reaction < 2.00 x 10- 14 9009 

Al+ + O2 No Reaction < 1.00 X 10- 16 9113 8604 8214 

Si+ + H2 - No Reaction < 1.00 x 10- 13 8705 8425 8111 
7609 

Si+ + D2 ~ No Reaction <2.00x 10- 13 8705 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Si+ + C~ - CH3Si+ + H 1.00 7.70 x 10- 11 ±20% 7319 

M Adduct 9110 

Si+ + CZH2 - CHCSi+ + H 1.00 1.80 X 10- 10 ±20% 9110 7427 

M Adduct 9110 

Si+ + CZH4 - CH3CSi+ + H 1.00 7.40 X 10- 11 ±20% 9110 7428 

M Adduct 9110 

Si+ + C2H6 CH2Si+ + C~ 0.15 8.00 x 10- 10 ±30% 9110 
CH3Si+ + CH3 0.80 
CH3CHSi+ + H2 0.03 
Adduct 0.02 

Si+ + CH2CCHz- CH2Si+ + C2H2 0.10 1.20 x 10-9 ±30% 9110 
CHCSi+ + CH3 0.20 
C3H3Si+ + H 0.70 

Si+ + CH3CCH - CH2Si+ + C2Hz 0.15 1.20 x 10- 9 ±30% 9110 
CHCSi+ + CH3 0.25 
C3H3Si+ + H 0.60 

Si+ + C4H2 - C4H+ + SiH 1.00 1.60 x 10- 9 ±30% 9110 

Si+ + c-C,H/i - c-Ct;Ht + Si 0.30 4.20 x 10- HI ±20% 9111 7715 
Ct;H5Si+ +H 0.20 
Adduct 0.50 

M Adduct 9111 --
Si+ + ClOHs -- ClOHt + Si 1.00 9111 

Si+ + NH3 -- SiNHt + H 1.00 6.40 x lO- HI ±30% 8820 

Si+ + H2O -- SiOH· + H 1.OU 2.3Ux 10- 10 ±30% 8705 8111 

Si+ + O2 - No Reaction < 1.00 x 10- 13 8918 8111 6903 
M Adduct 8632 

Si+ + SiH4 -- ShHt + Hz 0.96 1.10 X 10-9 ±20% 8723 7214 7213 
SizHt + H 0.04 

*Si+ + SiD4 - Si+ + *SiD4 0.08 8.05 x 10- 10 ±30% 8803 8723 
ShDt + D2 0.92 

Si+ + HzS - SiSH+ + H 1.00 8933 

Si+ + HCN - CNSi+ + H 0.20 7.00 x 10- 12 ±30% 8917 
Adduct 0.80 

Si+ + CH3NH2 - CH2NHi + SiH 0.35 1.20 x 10- 9 ±30% 8820 
SiNH! + CH3 0.55 
SiNHCHt + H 0.10 

Si+ + CH3CN - CH2Sj+ + HCN 0.50 2.40 x 10-9 ±30% 8917 
Adduct 0.50 

Sj+ + (CH3)2NH- m/e=44 + m=29 0.60 1.20 x 10-9 ±30% 8820 
SiNHCHt + CH3 0.35 
SiN(CH3)t + H 0.05 

Si+ + C2Nz CNSi+ + eN 0.55 1.50 x 10- 10 ±30% 8917 
Adduct 0.45 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Si+ + HC3N ~ CHCSi+ + CN 0.70 1.40 x 10-9 ±30% 8917 
Adduct 0.30 

Si+ + (CH3)3N ~ m/e=42 + m=45 0.04 9.80 x 10- 10 ±30% 8820 
m/e=44 + m=43 0.09 
(CH3hNCH{ + SiH 0.80 
SiN(CH3)i + CH3 0.01 

Si+ + CO ~ No Reaction < 2.00 x 10- 14 8918 8705 

Si+ + CH30H ~ SiOH+ + CH3 0.75 2.20 x 10-9 ±30% 8705 
SiOCHj + H 0.25 

Si+ + C2HsOH ~ SiOH+ + C2HS 1.00 2.50 x 10-9 ±30% 8705 

Si+ + CO2 No Reaction < 1.70 x 10- 13 8918 

Si+ + CHOOH SiOH+ + HCO 1.00 2.30 x 10-9 ±30% 8705 

Si+ +CH3COOH~ CH3CO+ + SiOH 0.30 3.00 x 10- 9 ±30% 8705 
SiOH+ + CH3CO 0.70 

Sf" + CS2 ~ Adduct 1.00 6.60 x lO- u ±30% 8918 

Si+ + NO No Reaction <1.ooxlO- 1i 8918 8111 

Si+ + N02 ~ NO+ + SiO 0.30 8.60 x 10- 10 ±30% 8918 
SiO+ + NO 0.68 
Adduct 0.02 

Si+ + N20 ~ SiO+ + N2 1.00 4.00 x 10- 10 ±30% 8918 

Si+ + S02 SO+ + SiO 1.00 8.10 x 10- 10 ±30% 8918 

Si+ + COS ~ SiS+ + CO 1.00 9.00 x 10- 10 ±30% 8918 

SiH+ + H2 ~ No Reaction < 2.00 x 10- 14 8722 7609 

SiH+ + D2 ~ SiD+ + HD 1.00 3.00 x 10- 11 ±20% 8722 7720 

SiH+ + C~ ~ CH3Si+ + H2 0.37 5.60 X lO- lO ±20% 7319 
CH3SiH+ + H 0.63 

SiH+ + C2H 2 ~ CHCSi+ + H2 0.47 3.20 x to-HI ±20% 7427 
CH2CSi+ + H 0.53 

SiH+ + C2H4 ~ CH3CSi+ + H2 1.00 2.80 X 10- 10 ±20% 7428 

SiH+ + C-C6H6 ~ c-C;Ht + SiH 0.55 8.90 x lO-lO ±30% 7715 
C4HsSi+ + C2H2 -0.02 
C6HsSi+ + H2 0.30 
C6H6Si+ + H -0.02 
Adduct 0.09 

SiH+ + D20 ~ SiODt + H 1.00 1.20 X 10- 11 ±20% 7320 

SiH+ + SiH4 ShH+ + H2 + H2 0.23 3.50x 10- 10 ±20% 7214 7213 
Si2Hj + H2 0.77 

SiD+ + Hz ~ SiH+ + HD 1.00 3.00 x 10- 11 ±20% 8722 

SiD+ + SiD4 ShDj + D2 1.00 5.20 x lO- to ±30% 8803 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

SiHi + H2 No Reaction <5.00x 10- 12 7609 

*SiHi + H2 -;. SiHi + *H2 1.00 7720 

SiHi 1(- 'CRt -;. CH3SiH+ + Hz 0.62 2.lOx 10- 10 ±20% 7319 
CH3SiHi + H 0.38 

SiHi + C2H2 CHCSi+ + H2 + H 0.10 4.30 x 10- JO ±20% 7427 
CH2CSi+ + Hz 0.15 
CH3CSi+ + H 0.75 

SiHi + C2H4 CH3Si+ + CH3 0.44 1.10 x 10-9 ±20% 7428 
CH3CSi+ + Hz + H 0.24 
CH3CHSi+ + H2 0.22 
C2HsSi+ + H 0.09 

SiHi + O2 SiOH+ + OH 1.00 2.36 x 10- 11 ±1O% 7609 

SiHi + SiH4 SiH1 + SiH3 0.71 1.40 x 10-9 ±20% 7214 7213 
SizHi + H2 + H2 0.06 
SizH 4+ + H2 0.23 
SbHs+ + H 0.01 

SiHt + D20 SiODi + H2 1.00 5.30x 10- 12 ±20% 7320 

*SiH{ + H2 -;. SiH{ + *H2 1.00 7720 

SiH3+ + H2 -;. No Reaction <2.oox 10- 12 7609 

SiH{ + CH4 -;. CH3SiHi + H2 1.00 5.00 X 10- 12 ±20% 7319 

SiH3+ + C2H2 -;. CHCSi+ + Hz + Hz 0.28 3.60x lO-lJ ±20% 7427 
CH3CSi+ + Hz 0.72 

SiHt + C:zH4 -;. CzHsSj+ + Hz 0.46 1.50 x 10- 10 ±20% 7428 
Adduct 0.54 

SiHt + NH3 NH..t + SiH2 0.74 6.00 x 10- 10 ::!:20% 8629 
NHzSiHi + Hz 0.26 

*SiH{ + H2O SiH2OH+ + H2 1.00 2.10 x lO-Hl ±20% 8629 

SiH{ + H2O -;. SiH2OH+ + Hz 1.00 5.80x 1O- 1Z ±20% 7320 

SiHt + O2 -;. SiH:zOH+ + 0 1.00 2.90 x 10- 12 ±20% 7609 

*SiH{ + SiH4 -;. SiH{ + ·SiH4 1.00 1.25 X 10-9 ±20% 9018 7214 

SiH{ + SiH4 -;. ShHt + Hz + H:z 0.08 2.20x 10- 11 ±60% 9018 7214 7213 
ShHs' + Hz 0.92 

SiHt + CH3CN -;. CH3CNSiH+ + H2 1.00 1.55 X 10- 9 ±20% 8629 

"SiH3' + CH30H -;. CH:zUH'" + SiH4 U.3M o.4UX 10- 10 ±2U% 8629 
SiH2OH+ + C~ 0.18 
SiOCH! + Hz 0.44 

SiHj + CH3CHU -;. SiH2UHT + C:zH4 LOU 9.90x w-w ±20% 8629 

SiH{ + (CH3)z0 -;. CH30CHi + SiH4 1.00 5.40 X 10- 10 ±20% 8629 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

*SiDt + SiD4 SiDt + *SiD4 1.00 8.50x 10- 10 ±20% 9018 

SiDt + SiD4 ShDt + D2 0.99 6.00 x 10- 11 ±20% 9018 
ShDt <0.01 

Sit + sin 4 ~ si;Jnt + n 2 1.00 2.50x 10- 111 ±30% 8923 

S·+ 12 + N02 ~ Si+ + SiO + NO 1.00 3.40 X 10-10 ±25% 8729 

*ShDt + SiD4 ~ ShDt + *SiD4 0.12 3.60x 10- 11 ±30% 8803 
ShDt + D2 0.88 

*ShHt + SiH4 ShHt + *SiH4 1.00 2.40 x 10- 111 ±20% 9018 

ShHt + SiH4 SbHt + H2 0.94 2.20 x 10- 11 ±20% 9018 
SbH9+ 0.06 

ShDt + SiD4 ~ ShDt + D2 0.57 2.80 x 10- 11 ±20% 9018 
SbD.t 0.43 

ShHt + SiH4 ~ Si4Ht + H2 <0.35 1.20 x 10- 13 ±20% 9018 
Si4Hll + >0.65 

ShDt + SiD4 ~ Si4Dt + D2 <0.04 2.30 x 10- 13 ±20% 9018 
Si4D lI + >0.96 

P+ + H2 PHt 1.00 1.30 x 10- 13 ±20% 8912 8302 

P+ + D2 No Reaction <2.00x 10- 14 9011 

P+ + CH4 ~ CH2P+ + H2 1.00 9.50 x to- 1O ±20% 8912 8302 7011 

P+ + CZH2 ~ CHCP+ + H 0.95 1.30 x 10- 9 ±20% 8912 
CH2CP+ 0.05 

P+ + CZH4 ~ CHzCP+ + H2 1.00 1.20 x 10-9 ±20% 8912 

P+ + CH3CCH ~ CzHt + CHP 0.42 1.70 x to- 9 ±20% 8912 
CH2P+ + C2H2 0.52 
C3H2P+ + H2 0.06 

P+ + NH3 ~ NHt + P 0.52 2.00 x lO-9 ±10% 8912 8302 
NHP+ + H2 0.01 
NHPH+ + H 0.48 

P+ + N2 ~ No Reaction < 1.00 x 10- 11 8302 

P+ + H2O ~ PO+ + H2 0.09 5.50x lO-1II ±10% 8912 8302 
POH+ + H 0.91 

P+ + O2 ~ PO+ + 0 1.00 5.30x lO-1O ±1O% 8912 8302 

P+ + PH3 PHt + P 0.16 1.2Sx 10- 9 ±15% 8912 8302 7011 
P2H+ + H2 0.74 
P2Ht + H 0.11 

P+ + H2S ~ H2S+ + P 0.31 1.40 x lO-9 ±20% 8912 
PS+ + H2 0.12 
HPS+ + H 0.57 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3jS) 

P+ + HCN --;. No Reaction < 1.00 x 10- 11 8302 

M Adduct 8912 

P+ + CH3NH2 --;. CH2NHi + PH 0.68 1.30 x 10-9 ±20% 8912 
NHPH+ + CH3 0.32 

P+ + CO --;. Adduct 1.00 3.50 x 10- 13 ±20% 8912 8302 

P+ + CH30H --;. POH+ + CH3 1.00 1.40 x 10-9 ±20% 8912 

P+ + CO2 PO+ + CO 1.00 4.85 X 10- 10 ±20% 8912 8302 

P+ + COS --;. PO+ + CS 0.38 1.10 x 10-9 ±20% 8912 
PS+ + CO 0.62 

PH+ + H2 --;. Adduct 1.00 4.30 x 10- 13 ±20% 8912 8302 

PH+ + D2 PD+ + HD 1.00 3.lOx 10- 10 ±25% 8302 

PH+ + CRt --;. CH3P+ + H2 0.87 9.40 x 10- 10 ±15% 8912 8302 7011 
CH3PH+ +H 0.13 

PH+ + C2H2 --;. CH2CP+ + H 1.00 1.30 x 10-9 ±20% 8912 

PH+ + C2H4 CH2P+ + CH3 0.30 1.20 x 10- 9 ±20% 8912 
CH3CP+ + H2 0.70 

PH+ + CH3CCH --;. C2Ht + CHP 0.19 1.70 x 10-9 ±20% 8912 
C3Ht + PH2 0.17 
CH2CP+ + CH3 0.64 

PH+ + NH3 --;. NHt + P 0.06 1.80 x 10-9 ±30% 8912 8302 7011 
NHPH+ + Hz 0.38 
NH2PH+ + H 0.56 

PH+ + N2 -l> No Reaction < 1.00 x 10- 11 8302 

PH+ + H2O -l> H30 + + P 0.07 9.90 x 10- 10 ±30% 8912 8302 7011 
POH+ + H2 0.66 
H2PO+ + H 0.27 

PH+ + O2 --;. PO+ + OH 1.00 5.30 x to-HI ±to% 8912 8302 

PH+ + PH3 -l> PHt + PH 0.17 1.30 x 10-9 ±15% 8912 8302 7011 
PHt + p 0.05 
Pi + H2 + Hz 0.24 
P2H+ + H2 + H 0.04 
PzHi + H2 0.41 
PzHt + H 0.11 

PH+ + H2S --;. H3S+ + P 0.09 1.50 x 10- 9 ±20% 8912 
HPS+ + H2 0.64 
HtPS+ I H 0.27 

PH+ + HCN -l> HCNH+ + P 0.65 4.70 x 10- 10 ±lO% 8912 8302 
PNCH+ + H 0.35 

PH+ + CH3NH2 -l> CH2NHi + PH2 · 0.38 1.80 x lO-9 ±20% 8912 
NHPH+ + ClL. 0.16 

~ 
NH2PH+ + CH3 0.46 
Adduct 8912 

PH+ + CO --;. Adduct 1.00 1.00 x 10- 12 ±20% 8912 8302 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

PH+ + CH30H ~ HzPO+ + CH3 1.00 1.90 x 10-9 ±20% 8912 

PH+ + CO2 ~ Adduct 1.00 8.60 x 10- 12 ±20% 8912 8302 

PH+ + COS ~ HPS+ + CO 1.00 1.30 x 10- 9 ±20% 8912 

PHi + H2 ~ Adduct 1.00 1.10 x 10- 12 ±20% 8912 8302 

PHi + D2 ~ No Reaction < 1.00 x 10- 11 8302 

PHi + NH3 ~ NHt + PH '0.28 1.70 x 10-9 :t10% 8302 
NHzPH+ + H2 0.72 

PHi + C~ ~ CH3PH+ + H2 1.00 8.40 x 10- 10 :t45% 8912 8302 7011 

PHi + CzHz ~ CH2CP+ + H2 1.00 1.40 x 10- 9 :t20% 8912 

PHi + CZH4 CHzP+ + C~ 0.12 1.20 x 10- 9 :t20% 8912 
CH3CHP+ + H2 0.88 

PHi + CH3CCH ~ C2Ht + CHP 0.43 1.60 x 10- 9 :t20% 8912 
CHzP+ + C2H4 0.44 
CH3PH+ + C2H2 0.07 
C3H4P+ + H2 0.06 

PHi + NH3 NHt + PH 0.19 2.00 x 10-9 :t20% 8912 
NH2PH+ + H2 0.81 

PHI + H2O ~ H30+ + PH 0.33 4.90 x 10- 10 :t20% 8912 
HzPO+ + H2 0.67 

PHi + 02 ~ PO+ + H2O 1.00 7.80 X 10- 11 ±20% 8912 

PHt + PH, PH.t + PH 0.02 9.S0x to- IO :15% 8912 8302 7011 
P2H+ + H2 + H2 0.54 
PzH:t + Hz 0.52 

PHt + HzS H.zPS+ I H.l 1.00 1.50 X to- 9 :20% 8912 

PHi + HCN ~ HCNH+ + PH 0.72 1.40 x 10-9 ±20% 8912 
Adduct 0.28 

PHi + CH3NH2 ~ CH2NHi + PH3 0.62 1.70 x lO- y ±20% 8912 
CH3NHt + PH 0.38 

PHt -I CO Adduct 1.00 2.90x 10- 11 ;;L20% 8912 

PHi + CH30H ~ CHzOH+ + PH3 0.65 2.00 x 10-9 ±20% 8912 
CH3PH+ + H2O 0.08 
IhPO'" + CI4 0.27 

PHi + CO2 ~ Adduct 1.00 7.50 x 10- 12 ±20% 8912 

PH! + COS H2PS'" + CO 1.00 9.90 x 10- 10 :!:20% 8912 

PHt + Hz ~ No Reaction < 1.00 x 10- 13 8912 8302 

PHt + D2 ~ No Reaction <4.00x 10- 11 8302 

PHt + C~ ~ No Reaction < 1.00 x 10- 13 8912 8302 

PHt + CzH2 ~ CH3CP+ + Hz 1.00 S.80X 10- 10 ±20% 8912 

PHt + C2H4 ~ Adduct 1.00 4.70 x lO- HI :t20% 8912 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

PHt + CH3CCH ~ C3H; + PH2 0.91 1.60 x 10- 9 ±20% 8912 
CH3PHi + C2H2 0.09 

PHt + NH3 ~ NlU + PH2 0.99 2.10 x 10-9 ±20% 8912 8302 
NH3PHi + H 0.01 

PHt + H2O No Reaction < 1.00 X 10- 13 8912 

PHt + 02 ~ No Reaction <2.00 x 10- 13 8912 

PH3+ + PH3 ~ PlU + PH2 0.97 1.00 x 10- 9 ±20% 8912 8302 7011 
P2Ht + H2 0.03 
P2Ht + H <0.01 

PHt + H2S ~ H3S+ + PH2 1.00 1.00 X 10-9 ±20% 8912 

PHt + HCN HCNH+ + PH2 1.00 2.60 x 10-9 ±20% 8912 

PHt + CH3NH2 ~ CH3NHt + PH2 1.00 1.90 x 10-9 ±20% 8912 

PHt + CO No Reaction < 1.00 X 10- 13 8912 

PHt + CH30H CH30Hi + PH2 1.00 1.90 x 10- 9 ±20% 8912 

PH3+ + COz ~ No Reaction < 1.00 X 10- 13 8912 

PHt + COS ~ H3PS+ + CO 1.00 4.60 x 10- 11 ±20% 8912 

PHt + H2 ~ No Reaction < 1.00 x 10- 11 8302 

PHt + CH4 ~ No Reaction < 2.00 x 10- 11 8302 

PH: + NH3 ~ NHt + PH3 1.00 2.10x 10- 9 ±10% 8302 7011 

PHt + PH3 ~ No Reaction < 1.00 x 1O- 11 8302 

S+ + H2 ~ No Reaction <2.00x 10- 14 9003 8603 8110 

~ 
7905 7506 

No Reaction 8632 

S+ + HD ~ No Reaction < 2.00 x 10- 14 9003 

S+ + D2 ~ No Reaction <2.00 x 10- 14 9003 

S+ + CH4 ~ HCS+ + H2 + H 0.05 3.20x 10- 10 ±30% 8401 8110 7905 
CHzSH+ + H 0.95 7305 

S+ + C2H2 ~ HC2S+ + H 1.00 9.70 X 10- 10 ±20% 8808 8401 

S+ + CZH4 ~ HCS+ + CH3 0.70 9.80 x 10- 10 ±30% 8808 
CH3CS+ + H 0.30 

S+ + CZH6 ~ C2Ht + SH 0.70 9.90 x 10- 10 ±30% 8808 
CHzSH+ + CH3 0.25 
CH3CHSH+ + H 0.05 

S+ + CH3CCH ~ C3Ht + SH 0.20 1.70 x 10- 9 ±30% 8808 
C3Ht + S 0.05 
HCS+ + C:lH3 O_Pi 
CHzCHCS+ + H 0.60 
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Table of Reactions - . Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

S+ + C3H6 - C3Ht + SH 0.40 1.20 x 10-9 ±30% 8808 
C3Ht + S 0.30 
HCS+ + C2HS 0.10 
CHzS+ + C2H4 0.10 
CH3CS+ + CH3 0.05 
CzHsCS+ + H 0.05 

S+ + NH3 NH3+ + S 0.92 1.50 x 10- 9 ±15% 8110 7905 7507 
NHSH+ + H 0.08 7410 

S+ + N2 - No Reaction <5.00x 10- 13 8110 

S+ + HzO - No Reaction < 1.00 X 1O- 1z 8110 7905 7410 

S+ + Oz - SO+ + 0 1.00 1.80 X 10- 11 ±20% 8401 8110 7905 
7903 7302 

S+ + H2S - Sf + H2 0.70 8.20 x 10- 10 ±15% 8401 8110 7507 
S2H+ + H 0.23 7304 
S2Hf + hv 0.06 

S+ + HCN - No Reaction < 1.00 X 10- 11 8401 

S+ + CH3NH2 - CHzNH{ + SH 0.45 2.20 x 10- 9 ±20% 8110 
CH3NHt + S 0.55 

S+ + CO - No Reaction <5.oox 10- 13 8401 8110 

S+ + H2CO - H2S+ + CO 0.50 6.70 x 10- 10 ±to% 8401 
HCO+ + SH 0.50 

S+ + CO2 - No Reaction < 5.00 x 10- 13 8401 8110 7905 
7302 

S+ + NO NO+ + S 1.00 3.40 x 10- 111 ±15% 8401 8110 7905 
7903 7302 

S+ + SOz - No Reaction < 1.00 x 10- 11 8401 

S+ + COS Si + CO 1.00 9.10 x lO- HI ±20% 8110 

HS+ + H S+ + H2 1.00 1.10 x 10- 10 ±20% 8603 

HS+ + H2 - No Reaction <5.00x 10- 13 8603 8110 7506 
~ Adduct 8632 

HS+ + C~ - CHt + HzS 0.05 3.80x 10- 10 ±60% 8401 8110 7305 
CHzSH+ + H2 0.95 

HS+ + C2H 2 - CHzCS+ + H 0.96 1.05 x 10- 9 ±1O% 8401 
CH3CS+ + hv 0.04 

HS+ + NH3 - NHt + SH 0.43 1.57 x 10-9 ±20% 8110 7410 
NHt + S 0.55 
NHSH+ + H2 0.01 
NH2SH+ + H 0.01 

HS+ + Nz No Reaction <5.oox 10- 13 8110 

HS+ + H2O - H3O+ + S 1.00 7.10 x lO- HI ±15% 8110 7802 7410 

HS+ + O2 - No Reaction <5.oox to- 13 8401 8110 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

HS+ + H2S --l> H3S+ + S 0.38 1.00x ±20% 8401 8110 7304 
S2H+ + H2 0.48 
S2H{ + H 0.15 

0' , 

1.00 B.60x 10- 10 ±10% 8401 HS+ + HCN --l> HCNH+ + S 

HS+ + CH3NH2 --l> CH2NHt + H2S 0.35 2.20 x 10-9 ±20% 8110 
CH3NHt + SH 0.50 
CH3NHt + S 0.15 

HS+ + CO --l> No Reaction <5.oox lO-13 8401 8110 

HS+ + COz --l> No Reaction <5.oox lO-13 8401 B110 

HS+ + NO --l> NO+ + SH 1.00 3.70 x 10- H) ±15% 8401 8110 

HS+ + SOz --l> No Reaction < 3.00 X 10- 11 8401 

HS+ + COS --l> SzH+ + CO 1.00 9.70 X lO-lO ±20% 8110 

H2S+ + H --l> HS+ + Hz 1.00 2.00 X 10- 10 ±20% 8603 

HzS+ + Hz --l> H3S+ + H 1.00 - 5.00 x 10- 12 ±40% 8603 8110 7506 

H2S+ + Dz --l> No Reaction <5.oox 10- 13 7506 

HzS+ + CH4 No Reaction <5.oox lO-13 8110 7305 

HzS+ + NH3 NHt + HzS 0.25 1.77 x 10- 9 ±20% 8110 7410 
NHt + SH 0.75 

HzS+ + N2 --l> No Reaction < 5.00 X 10- 13 8110 

HzS+ + H2O --l> H3O+ + SH 1.00 7.60xlO- 1O ±10% 8110 7802 7410 

H2S+ + 02 --l> No Reaction <5.00 x 10- 13 8110 

HzS+ + HzS --l> H3S+ + SH 0.99 7.60x 10- 10 ±30% 8110 7507 7304 
S2Ht + Hz 0.01 

H2S+ + CH3NH2 ~ CH2NHt + HzS + H 0.20 1.90 X 10- 9 ±20% 8110 
CH3NHi + H2S 0040 
CH3NHt + SH 0040 

HzS+ + CO --l> No Reaction <5.oox lO-13 8110 

HzS+ + COz --l> No Reaction <5.oox 10- 13 8110 

H2S+ + NO --l> NO+ + HzS 1.00 3.70 x lO- UJ ±20% 8110 

H2S+ + COS --l> No Reaction <5.00 X 10- 13 8110 

H3S+ + H --l> H2S+ + H2 1.00 6.00 x 10- 11 ±20% 8603 

H3S+ + Hz No Reaction <5.oox 10- 13 8110 7506 

H3S+ + D2 No Reaction < 1.00 x 1O- 1Z 7506 

H3S+ + C~ No Reaction <5.oox 10- 13 8110 

H3S+ + NH3 --l> NHt + HzS 1.00 1.90 x 10-9 ±20% 8110 

H3S+ + Nz --l> No Reaction <5.00x 10- 13 8110 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

H3S+ + H2O ~ H30+ + H2S 1.00 3.30X 10- 12 ±40% 8110 7809 

H3S+ + O2 ~ No Reaction <5.00x 10- 13 8110 

*H3S+ + H2S ~ H3S+ + *H2S 1.00 5.90 X 10- 10 ±20% 8110 
~ AdduCt 8632 

H3S+ + HCN ~ HCNH+ + H2S 1.00 1.70 x 10-9 ±30% 7813 7809 

H3S+ + CH3NH2 ~ CH3NHt + H2S 1.00 1.60 X 10-9 ±20% 8110 

H3S+ + CO ~ No Reaction <5.oox 10- 13 8110 

H3S~ + HzCO ~ CHzUH'" + HzS 1.00 2.6UX 10- 9 ±25% 79U6 7814 7809 

H3S+ + CO2 ~ No Reaction <5.00x 10- 13 8110 

H3S+ + CHOOH ~ CH(OH)t + H2S 1.00 2.00 x 10- 9 ±30% 7820 

H3S+ + NO ~ No Reaction <5.oox 10- 13 8110 

H3S '" + CU~ ~ No Reaction <5.00x 10-1."1 8110 

st + Hz ~ No Reaction <5.00x 10- 13 7701 

st + HzO ~ No Reaction <5.00x 10- 11 7410 

SzH'" + Hz ~ No Reaction < 1.00 X lO- I
:.! 7701 

SzH+ + HzO ~ H3O+ + S2 1.00 7410 

S2H + + HzS ~ H3S+ + S2 1.00 2.90 x 10- 10 ±10% 7304 

S2Ht + HzO ~ No Reaction <5.00x 10- 11 7410 

CI+ + Hz ~ HCI+ + H 1.00 7.20 x 10- 10 ±20% 9013 8312 8103 
8102 7413 

CI+ + HD ~ Products 1.00 6.00 x 10- 10 ±15% 8312 

CI+ + D2 ~ DCI+ + D 1.00 4.80x to- 1O ±15% 9013 9010 8312 

CI+ + C~ ~ CHt + HCI 0.40 1.20 x to- 9 ±20% 9013 
CRt + CI 0.20 
H2CI+ + CH2 0.25 
CH2CI+ + H2 0.15 

CI+ + C2H 2 ~ No Reaction <2.60x 10- 11 9013 

CI+ + C2H 4 ~ CZH3+ + HCI 0.17 1.20 x 10-9 ±20% 9013 
CzHt + CI 0.83 

CI+ + c-C,lLi ~ C6Ht + HCI 0.06 1.90 x to- 9 ±20% 9013 
c-C,Ht + CI 0.94 

CI+ + NH3 ~ NHt + HCI 0.04 7.80 x 10- 10 ±20% 9013 
NHt + CI 0.96 

CI+ + H2O ~ HzO+ + CI 1.00 5.00 x to- IO ±20% 9013 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

CI+ + 02 ot + CI 1.00 4.75 x 10- 10 ±20% 9013 7602 

CI+ + NO ~ NO+ + CI 1.00 1.40 x 10- 10 ±20% 9013 

CI+ + H2S ~ H2S+ + CI 0.63 1.60 x 10-9 ±20% 9013 
HS+ + HCI 0.28 
HCI+ + SH 0.09 

CI+ + COS ~ COS+ + Cl 1.00 9.00 x 10- 10 ±20% 9013 

HCI+ + H2 ~ H 2CI+ + H 1.00 8.20x lO-1O ±40% 8312 8201 8103 
8102 7413 

HC/+ + C~ CHt + HC) 0.30 1.22 x 10-9 ±20% 8201 
CHt + CI 0.70 

HCI+ + NH3 NHt + HCI 0.35 2.04 x 10-9 ±20% 8201 
NHt + CI 0.65 

HCI+ + O2 ~ ot + HCI 1.00 6.90 x 10- 10 ±20% 8201 

HCI+ + H2S ~ H2S+ + HCI 0.75 . 1.32 x lO-9 ±20% 8201 
H3S+ + CI 0.25 

HCl+ + Xe ~ Xe+ + HeI 0.80 6.30 x lO-H) ±20% 8201 
XcH+ + CI 0.20 

HCI+ + CO HCO+ + CI 1.00 7.lOx lO-1O ±20% 8201 

HCI+ + CO2 ~ HCOt + CI 1.00 9.30 x 1O- lU ±20% 8201 

HC!+ + NO ~ NO+ + HCI 0.63 6.40 x to- 1O ±20% 8201 
HNO+ + CI 0.37 

HCI+ + N20 ~ HN20 + CI 1.00 1.01 x to- 9 ±20% 8201 

HCI+ + S02 ~ SOt + HCI 0.40 1.90 x 10- 9 ±20% 8201 
HSOi + CI 0.60 

HCl+ + COS ~ COS+ + HCI 0.72 1.36 x 10-9 ±20% 8201 
HCOS+ + CI 0.28 

H2C1+ + H2O ~ H30+ + HCI 1.00 1.35 x 10- 9 ±60% 8623 8511 

H2Cl+ + CO ~ HCO+ + HCI 1.00 5.90x 10- 10 ±25% 8623 8511 8502 

Ar+ + Hz ~ Hi + Ar 0.02 8.90 x lO- JO ±20% 9035 9016 8927 ab 

ArH+ + H 0.98 8715 8526 8504 
8420 8319 8210 
8020 7620 7002 
6907 6702 6605 

Ar+ + HD ~ HD+ +Ar 0.06 8.00 x 1o-]() ±20% 9016 8526 
ArH+ + D 0.46 
ArD+ + H 0.48 

Ar+ + Dz ~ D+ 2 + AT 0.02 7.45 x 10- 10 ±15% 9016 8526 8504 
ArD+ + D 0.98 7620 7013 6907 

Ar+ + C:J-L ~ CHi + Ar + H2 0.12 9.80 x 10- 10 ±10% 8716 8319 8317 
CHt + Ar + H 0.85 7909 7702 
CH4+ + Ar 0.03 7003 
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Table of Reactions - Continued 

Reactions Prod. Rate Canst. Ref. Footnotes 
Dist. (cm3/s) 

Ar+ + C2H6 - Products 1.00 1.15 x 10-9 ±15% 8317 T=700 

Ar+ + NH3 - NHt +Ar 1.00 1.60 x 10- 9 ±20% 8716 8318 7003 

Ar+ + N2 Nt + Ar 1.00 1.10x 10- 11 ±20% 9038 9025 8927 ab 

8715 8701 8622 
8411 8210 8116 
8114 8020 7702 
7204 6605 

Ar+ + H2O - H2O+ + Ar 0.80 1.62 x 10- 9 ±20% 8716 7910 7802 
ArH+ + OH 0.20 7801 7202 7006 

Ar+ + O2 - at + Ar 1.00 4.60 x 10- 11 ±20% 9037 8928 8927 ab 

8819 8716 8318 
8210 8127 8020 
7702 7602 7002 
6605 

Ar+ + SiH4 Si+ + Ar + H2 + H2 0.02 3.90 x 10- 11 ±30% 9002 
SiH+ +Ar + H2 +H 0.08 
SiHt + Ar + Hz 0.12 
SiHj" + Ar + H 0.78 

Ar+ + H2S H2S+ + Ar 1.00 1.30 x 10- 9 ±30% 8716 8714 

Ar+ + HCI - HCI+ + Ar 1.00 2.40 x 10- 111 ±25% 9024 

*Ar+ + Ar ~ Adduct 8632 

Ar+ +Kr - No Reaction < 1.00 X 10- 14 8715 7817 

Ar+ + Hg No Reaction < 5.00 x 1O-!3 8016 7317 

Ar+ + Xe Xe+ +Ar 1.00 4.30 x 10- 13 ±30% 8715 

Ar+ + CO CO+ + Ar 1.00 4.40 x 10- 11 ±20% 9126 8927 8801 ab 

8716 8701 8318 
8210 8020 7702 
6605 

Ar+ + CO2 COt + Ar 1.00 4.80x lO- JII ±15% 8716 8319 8318 
8210 8020 7702 
6605 

Ar+ + CH3SH - Products 1.00 1.70 x 10- 9 ±1O% 8714 

Ar+ + CSz - S+ + CS + Ar 0.88 2.60 x 10- 10 ±30% 8716 8614 
cst +Ar 0.12 

Ar+ + C2HsSH - Products 1.00 2.10x 10- 9 ±10% 8714 

Ar+ + (CH3)2S - Products 1.00 1.60 x 10- 9 ±1O% 8714 

Ar+ + NO - NO+ + Ar 1.00 3.lO x lO-lf) ±35% 8716 8319 8318 
8020 7909 7702 

Ar+ + N02 NO+ + 0 + Ar 0.94 4.60x 10- 10 ±30% 8716 
NOt + Ar 0.06 

Ar+ + N20 - 0+ + N2 + Ar 0.01 3.00x lO-1O ±1O% 8716 8319 8318 
Nt + 0 + Ar 0.01 8210 8020 7702 
NO+ + N + Ar 0.01 
N2O+ + Ar 0.97 
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+ S02 

+ COS 
IJ I 

+ HD 

+ C~ 

+ CO 

+ CO2 

ArD+ + H2 

ArD+ + HD 

+ D2 

ArD+ 

ArD+ 

+ Ne 

ArD+ +Kr 

+ CO 

ArD+ 

+ COS 

ArHt 

ArHD+ + HD 
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Reactions 

~ sot 

~ Products 

~ HDt 

CHt 

NHt 
NHt 

~ HOt 

HCO+ 

HeOt 

~ HOt 

~ DOt 

~ No Reaction 

~ DCat 

~ DS+ 
DCaS+ 

~ ArHt 

Table of Reactions - Continued 

+Ar 

+ Ar 

+ Ar 

+ Ar 

+Ar 

+ H2 + Ar 
+ Ar 

+ H2 + H + Ar 
+ H2 + Ar 

+ H + Ar 
+ Ar 

+ Ar 

+Ar 

+ Ar 

+ Ar 

+ 0 + Ar 
+ N2 + Ar 
+ Ar 

+ Ar 

+Ar 

+ Ar 

+ Ar 

+ Ar 

+Ar 

+ Ar 

+Ar 

+ CO + Ar 
+Ar 

+ H 

+ n + Ar 

+ H 

Prod. Rate Const. Ref. 
Dist. (cm3/s) 

1.00 5.20x 10- 10 ±30% 8716 7606 

1.00 1.30 x 10-9 ±20% 8210 

1.00 6.30 x 10- 10 ±40% 9016 8211 7612 
7104 7008 6702 

LpG 8.60x 10- 10 ±20% 9016 

1.00 7.15 X 10-10 ±20% 9016 8211 

1.00 1.02 X 10-9 ±30% 8211 7614 

0.73 1.17 x to- 9 ± 15% 7614 7610 
0.27 

0.04 1.40 x to-!I ± 15% 7614 
0.96 

<0.25 2.14 x to- 9 ± 15% 7618 
>0.75 

1.00 8.00 x to- 1O ±30% 8211 

1.00 5.05xlO- JO ±30% 8211 7512 7104 

1.00 1.25 X to- 9 ±30% 8211 

1.00 l.lOx lO-I) ±30% 8211 

-0.05 7618 
-0.10 
>0.85 

1.00 8.80xlO- 1Il ±20% 9016 7612 

1.00 8.10xlO- 1O ±20% 9016 

1.00 4.65 X 10- 10 ±65% 9016 7612 

1.00 4.20 x to- HI ± 15% 7618 

1.00 5.00 x 10- 10 ±15% 7618 

< 1.00 X 10- 13 7618 

1.00 5.00 X 10- 10 ± 15% 7618 

1.00 7.80 X lO-1O ± 15% 7618 

1.00 8.90 X 10- 10 ± 15% 7618 

<0.17 
>0.83 

7618 

1.00 1.19 X to- 9 ±20% 9016 

(i.~OxlO-1Il ±20% 901(l 

Footnotes 

ab 

ab 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

ArDt + Dz ArDt + D 1.00 7.70 x 10- 1
" ±20% 9016 

ArH1 + Hz Ht +Ar 1.00 5.00 x lO- IZ ±20% 2016 T=8D 

Art + Hz ArH+ + H + AT 0.70 5.00 x to- 1O ±20% ~ 
ArHt + AT 0.30 

Art + HD ArH+ + D + Ar DAD 4.30x 10- 10 ±20% 9016 
ArD+ + H + Ar 0040 
ArHD+ + Ar 0.20 

Art + Dz ArD+ + D + Ar 0.74 3.60x 10- 10 ±20% 9016 
ArDt + Ar 0.26 

Ar!, + CSz CSt +Ar + Ar 1.00 7.00 x 1O- 1() ;20% 8614 

K+ + HzO M Adduct 8632 

K+ + Oz ~ No Reaction < 1.00 X 10- 13 7103 
M Adduct 8632 

K+ + 0 3 No Reaction < 1.00 X 10- 11 6802 

K+ + COz M Adduct 8632 

K+ + NO No Reaction < 1.00 X 10- 13 7103 

Ca+ + Hz No Reaction < 2.00 X 10- 14 8813 

Ca+ + HD No Reaction <2.00x 10- 14 8813 

Ca+ + D2 No Reaction < 2.00 x 10-14 8813 

Ca+ + O2 ~ No Reaction < 2.00 x 10- 14 9001 
~ Adduct 8632 

Ca+ + OJ CaO+ + Oz 1.00 1.60x lO-JO ±50% 6802 

Ca'" + CO ~ Adduct 8632 

Ca+ + N20 CaO+ + Nz 1.00 -5.00 x 10- 11 7206 

Sc+ + Hz No Reaction < 2.00 X 10- 14 8717 

Sc+ + HD No Reaction <2.oox 10- 14 8717 

SeT + Dz No Reaction < 2.00 x 10- 14 8717 

Sc+ + C& No Reaction < 2.00 x 10- 14 8907 

Sc+ + CzH/i ScCzHt + Hz 1.00 2040 x 10- 11 :t20% 8907 

Sc+ + O2 ScO+ + 0 1.00 4.00 x 10- 10 ±30% 9001 

Sc+ + CO No Reaction <2.00 x 10- 14 9127 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Ti+ + H2 ~ No Reaction <2.00x 10- 14 8717 

Ti+ + HD No Reaction <2.00 x 10- 14 8815 

Ti+ + D2 ~ No Reaction <5.00x 10- 14 8717 

Ti+ + CH4 ~ TiCHi + H2 1.00 2.40 x 10- 14 ±20% 8816 

Ti+ + C2Htj ~ TiC2Ht + H2 0.96 1.30 x lO- Hl ±20% 8901 
TiC2Hi + H2 + H2 0.04 

Ti+ + C3H8 ~ TiC3Hi + H2 + H2 + H2 0.03 2.00 x lO- Ul ±20% 8901 
TiC3Ht + H2 + H2 0.03 
TiC3Ht + H2 0.94 

Ti+ + O2 ~ TiO+ + 0 1.00 4.00 x 10- 10 ±30% 9001 

Tj+ + CO ~ No Reaction <2.00 x 10- 14 9127 

y+ + H2 ~ No Reaction < 1.00 X 10- 13 8519 

y+ + HD ~ No Reaction < 1.00 x 10- 13 8519 

y+ + O2 No Reaction < 1.00 x 10- 13 8519 

y+ + CH4 ~ No Reaction < 2.00 x 10- 14 8721 

y+ + C2Hz ~ No Reaction < 1.00 X 10- 14 8627 

V+ + C2H4 ~ VC2Hi + H2 1.00 2.20 x 10- 12 ±20% 8627 

y+ + C2H6 ~ VC2Ht + H2 1.00 2.20 x 10- 12 ±20% 8627 

V+ + NH3 ~ VNH+ + Hz 1.00 2.20 x 10- 12 ±20% 9007 

y+ + O2 ~ VO+ + 0 1.00 2.70 x 10- 111 ±30% 9001 

V+ + CO ~ No Reaction < 2.00 X 10- 14 9127 

Cr+ + Hz ~ No Reaction < 2.00 x 10- 14 8719 8124 

Cr+ + HD ~ No Reaction <2.oox 10- 14 8719 

Cr+ + D2 ~ No Reaction <2.oox 10- 14 8719 

Cr+ + Cll. ~ No Reaction < 2.00 x 10- 14 8812 

Cr+ + C2H4 ~ No Reaction <2.00x 10-14 8905 

Cr+ + C2H6 ~ No Reaction <2.00 x 10- 14 8905 

Cr+ + c-C~HI> ~ No Reaction <2.00 X 10- 14 8905 

Cr+ + O2 ~ No Reaction <2.00x 10- 14 9001 8214 

Cr+ + N20 ~ No Reaction < 2.00 x 10- 12 8214 

Mn+ + H2 No Reaction <' 2.00 Y' 10- 14 8606 

Mn+ + HD ~ No Reaction < 2.00 x 10- 14 8606 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Mn+ + D2 ~ No Reaction < 2.00 x 10- 14 8606 

Mn+ + C2H4 No Reaction < 2.00 X 10- 14 8906 

Mn+ + c-C3H6 MnCH! + C2H4 1.00 6.00 x 10- 12 ±30% 9012 

Mn+ "of 02 ~ No Reaction <Z.UUx lU- H YUUl H214 

Mn+ + c -CH2CH20~ MnCH! + H2CO 0.20 2.00 x 10- 11 ±30% 9012 
MnO+ + CZH4 0.80 

Mn+ + (CH3)2CO~ Products 1.00 4.00 x 10- 12 ±30% 9012 

Mn+ + N20 ~ No Reaction < 6.00 x 10- 12 8214 

Fe+ + H2 ~ No Reaction < 2.00 x 10- 14 8609 8423 

Fe+ + HD ~ No Reaction < 2.00 X 10- 14 8609 

Fe+ + D2 ~ No Reaction < 2.00 X 10- 14 8609 

Fe'" + C~ ~ No Reaction < 2.00 x 10- 14 8817 8427 

Fe+ + C2H6 ~ FcC2Ht + Hz 1.00 2.00 x 10- 12 ±20% 8817 8427 

Fe+ + C-C3H6 ~ No Reaction < 2.00 X 10- 14 9109 8427 

Fe+ + C3Hs FcC2Ht + CRt 0.76 3.00 x 10- 10 ±20% 8728 8427 
FcC3Ht + Hz 0.24 

Fe+ + O2 No Reaction < 2.00 x 10- 14 9001 8903 8214 

M Adduct 8632 

Fe+ + 0 3 ~ FeO+ + Oz 1.00 1.50 X 10- 10 ±50% 6802 

Fe+ + CH3CHO ~ FeCO+ + CRt 1.00 8422 

Fe+ + NzO ~ FcO+ + Nz 1.00 -1.00x 10- 10 ±50% 8214 

FeH+ + CH30H ~ CH30Ht + Fe 0.19 8423 
FeOCHt + Hz 0.81 

Fe! + O2 ~ Fc+ + Fe02 1.00 1.50 x lO- HI ±20% 8904 

Fe! + O2 ~ Fe+ + Fe20 2 0.12 3.00 x 10- 10 ±20% 8904 
Fe2O+ + FeO 0.37 
Fe20! + Fe 0.51 

Co+ + H2 ~ No Reaction <5.00x 10- 14 8608 

Co+ + HD ~ No Reaction <5.oox 10- 14 8608 

Co+ + Dz No Reaction <S.OOx 10- 14 8608 8107 

Co+ + C2H4 ~ No Reaction < 2.00 x 10- 11 8125 

Co+ + C2H6 ~ No Reaction <2.00x 10- 14 8910 

Co+ + C-C3H6 ~ No Reaction < 2.00 x 10- 12 9004 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Co+ + C3Hs ~ CoC2Ht + CH4 0.33 1.40 x 10- 10 ±20% 8910 
CoC3Ht + H2 0.67 

Co+ .t' NH3 No Reaction <2.00x 10- 14 9108 8909 

Co+ + O2 ~ No Reaction < 2.00 x 10- 14 9001 8214 

Co+ + H2CO CoCO + + H2 1.00 8422 

Co+ + CH3CHO ~ CoCO+ + CH4 1.00 8422 

Co+ + c -CHzCHzO- Products 1.00 4.00 x 10- 10 ±20% 9004 

Co+ + N20 CoO + + N2 1.00 -1.00 X 10- 11 ±50% 8214 

Ni+ + H2 ~ No Reaction < 5.00 X 10- 14 8608 8022 

Ni+ + HD ~ No Reaction <5.00x 10- 14 8608 

Ni+ + D2 ~ No Reaction <5.00 x 10- 14 8608 

Ni+ + C2H6 No Reaction <2.00x 10- 14 8910 

Nj+ + C-C3H /i No Reaction <2.00 X 10- 13 9004 

Ni+ + C3HS ~ NiCzHt + CH4 1.00 2.80 x 10- 10 ±20% 8910 

Ni+ + NH3 ~ No Reaction < 2.00 X 10- 14 9108 

Ni+ + O2 ~ No Reaction <2.00 x 10- 14 9001 8214 

Ni+ + c -CH2CHzO- Products 1.00 4.S0x 10- 111 ±20% 9004 

Nj+ + NzO ~ No Reaction <4.00 x 10- 12 8214 

Cu+ + Hz ~ No Reaction <S.OOx 10- 14 8608 

Cu+ + HD ~ No Reaction <5.00x 10- 14 8608 

Cu+ + D2 No Reaction <5.00 x 10- 14 8608 

Cu+ + C2H6 - No Reaction < 2.00 x 10- 14 8910 

Cu+ + c-C3H6 ~ No Reaction <2.00x 10- 13 9004 

Cu+ + C3Hs ~ No Reaction < 2.00 x 10- 14 8910 

Cu+ + NH3 ~ No Reaction <2.00x 10- 14 9108 

Cu+ + 02 - No Reaction < 2.00 x 10- 14 9001 

Cu+ + CH3NH2 CH2NHi + CuH 1.00 2.10 x 10-9 ±10% 8911 

Cu+ + (CH3)2NH~ (CH))2N + + CuH 1.00 1.70 x 10- 9 ±1O% 8911 

Cu+ + (CH))JN ~ (CH))2NCHi + CuH 1.00 1.50 x 10- 9 ±1O% 8911 

Cu+ + C -CH2CHzO- CH)CO+ + CuH 1.00 1.90 x 10- 10 ±20% 9004 

Zn+ + H2 - No Reaction <2.00x 10- 14 8813 

Zn+ + HD ~ No Reaction < 2.00 X 10- 14 8813 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Zn+ + D2 ---+ No Reaction < 2.00 X 10- 14 8813 

Zn+ + C2Ht; No Reaction < 2.00 X 10- 14 8610 

Zn+ + C3Hs ---+ No Reaction < 2.00 X 10- 14 8610 

Zn+ + O2 ---+ No Reaction <2.00x 10- 14 9001 

Zn+ + N02 ---+ No Reaction <2.00 x 10- 14 9001 

Br+ + CH4 -? CHl + HBr 0.80 8.40 x 10- 10 ±20% 9013 
CH2Br+ + H2 0.20 

Br+ + C2H 2 -? C2Ht + Br 1.00 8.90 x lO- lCl ±20% 9013 

Br+ + CZH4 -? CzH.t + HBr 0.25 1.10x 10- 9 ±20% 9013 
C2Ht + Br 0.75 

Br+ + c-C;Ht; -? c-C6Ht + Br 1.00 1.40 x 10-9 ±20% 9013 

Br+ + NH3 ---+ NHt + Br 1.00 2.10 x 10-9 ±20% 9013 

Br+ + 02 -? ot + Br 1.00 7.10 x 10- 10 ±20% 9013 

Br+ + H2S HS+ + HBr 0.12 9.70 x lO- lCl ±20% 9013 
H2S+ + Br 0.88 

Br+ + NO NO+ + Br 1.00 4.40 x 10- 11 ±20% 9013 

Br+ + COS ---+ BrS+ + CO 0.16 1.10 x 10-9 ±20% 9013 
COS+ + Br 0.84 

HBr+ + CH4 CHt + Br 1.00 8.30 x 10- 11 ±25% 9030 

HBr+ + H?S ---+ H,S+ + HBr 0.65 1.56 x 10- 9 ±25% 9030 
H3S+ + Br 0.35 

HBr+ + COz ---+ HCOt + Br 1.00 3.00 x 10- 12 ±25% 9030 

HBr+ + NO ---+ NO+ + HBr 1.00 3.00 x lO-lCl ±25% 9030 

HBr+ + N20 ---+ HN2O+ + Br 1.00 9.60 x 10- 10 ±25% 9030 

HBr+ + SOz HSOt + Br 1.00 1.60 x 10-9 ±25% 9030 

HBr+ + COS COS+ + HBr 0.75 1.20 x 10-9 ±25% 9030 
H(ns+ + Rr 02,\ 

Kr+ + Hz -? KrH+ + H 1.00 2.14 X 10- 10 ±30% 8605 8013 7620 
7504 7416 

Kr+ + HD -? KrH+ + D 0.45 5.80 x 10- 10 ±35% 8605 8013 
KrD+ + H 0.55 

Kr+ + Dz ---+ KrD+ + D 1.00 1.50 x 10- 10 ±15% 8605 7620 

Kr+ + C~ ---+ C~+ +Kr 1.00 1.02 x lO-9 ±15% 8319 8318 8013 
7702 

Kr+ + C2H2 -? No Reaction < 1.00 x 10- 12 8915 
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+ O2 

+ Si~ 

+ HCI 

+ DCI 

+Kr 

+ Hg 

+ CO 

+ NO 

+ COS 

+ H2 

+ C~ 

+ NH3 

. + N2 

+ Ar 
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Reactions 

C2Ht 
C2Hj 
CzH.t 

~ C2Hj 
C2Ht 
C2Ht 
C3Ht 

. C3Ht 

~ NHt 

Si+ 
SiH+ 
SiH{ 
SiHj 

HCI+ 

DCl+ 

Kr+ * Adduct 

~ No Reaction 

~ CO+ 

~ cot 

~ No Reaction 

COS+ 

~ Ht 

CHt 

~ NHt 

Hot 

~ No Reaction 

Table of Reactions - Continued 

+ H2 
+ H 

+Kr 
+Kr 

+Kr 
+Kr 

+CH4 +H +Kr 
+ C}-4 + Kr 
+ CH3 + Kr" 
+ H2 + H . + Kr 
+ Hz + Kr 

+Kr 

+Kr 

+Kr 

+ H2 + Hz 
+ H2 + H 
+ H2 + Kr 
+ H ..... Kr 

+ H2 + Kr 
+Kr 
+ SH 

+Kr 

+Kr 

+*Kr 

+Kr 

+Kr 

+Kr 

+Kr 

+Kr 

+Kr 

+ H2 + Kr 
+Kr 

+ H2 + Kr 

+Kr 

+Kr 

+Kr 

+ Kr 
+Kr 

Prod. Rate Const. 
Dist. (cm3/s) 

0.45 
0.45 
0.10 

0.65 
0.35 

7.40 x 10- 10 ±20% 

9.80 x 10- 10 ±20% 

Ref. 

8915 

8915 

0.05 9.80 x 10- 10 ±20% 8915 
0.15 
0.60 
0.10 
0.10 

1.00 7.50x 1O-!() ±20% 8318 8013 

1.00 1.20 x 10-9 ±20% 8318 7006 

1.00 4.ooxlO- 11 ±30% 8318 8013 7702 
7204 

0.05 
0.03 
0.17 
0.75 

7.70 x lO- lO ±20% 9002 

0.30 1.00 x 10- 9 ±20% 8013 
0.35 
0.35 

1.00 4.05xlO- 1I ±25% 9024 8915 

1.00 2.70 x 10- 11 ±25% 9024 

1.00 8.30x 10- 10 ±20% 7318 

8632 

< 1.00 X 10- 12 8016 7317 

1.00 1.50 x 10- 10 ±50% 8013 7702 7318 

1.00 6.15 x 10 - HI ± 20% 8013 7702 

< 1.00 X 10- 12 7702 

1.00 4.00x 10- 10 ±20% 8013 7702 

1.00 4.30x 10- 10 ±20% 8013 

1.00 3.80x 10- 11 ±20% 8006 

1.00 9.20 x 10- to ± 20% 7613 

0.72 1.10 x 10- 9 ± 20% 7613 7610 
0.28 

1.00 1.20 x 10- 9 ±20% 7613 

1.00 1.50 x 10-9 ±20% 7613 

1.00 5.80xlO- 1O ±20% 8006 7415 

1.00 3.70xlO- 11 ±20% 8006 

< 3.00 X 10- 12 7618 

Footnotes 

T=373 
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Table of Reactions - Continued 

Reactions Prod. Rate Canst. Ref. Footnotes 
Dist. (cm3jS) 

Zr+ + Oz ~ ZrO+ + 0 1.00 5.50x 10-)() ±10% 8528 

Zr+ + CO2 ZrO+ + CO 1.00 4.00 x 1O-)() ±1O% 8528 

Zr+ + NO ZrO+ + N 1.00 4.80x to- IO ±10% 8528 

Ag+ + NH3 ~ Adduct 8632 

Ag+ + (CH3)zNH~ (CH3)zN+ + AgH 1.00 1.60 x to- 9 ±to% 8911 

Ag+ + (CH3)3N ~ (CH3)zNCHt + AgH 1.00 1.40 x to- 9 ±10% 8911 

Xe+ + H2 ~ No Reaction <2.00 x 10- 14 8908 

Xe+ + HD ~ No Reaction < 2.00 X 10- 14 8908 

Xe+ + D2 ~ No Reaction < 2.00 X to- 14 8908 

Xe+ + C~ ~ No Reaction < 2.00 x to- 13 8013 

Xe+ + C2H2 ~ CzHt + Xe 1.00 5.00 x to- IO ±20% 8915 

Xe+ + CZH4 ~ CzHt + Hz + Xe 0.25 8.50 x 10- 111 ±20% 8915 
C2Ht + Xe 0.75 

Xe+ + CZH6 ~ C2Ht + Hz + Xe 0.55 9.20 x 10-)() ±20% 8915 
C2H5+ + H + Xe 0.10 
CzHt + Xe 0.35 

Xe+ + C3HI! ~ C3Ht + H2 + Xe 0.30 8.80 x to-III ±20% 8915 
C3Ht + H + Xe 0.65 
C3Htt + Xe 0.05 

Xe+ + NH3 NHt + Xe 1.00 8.30 x to-)() ±20% 8013 

Xe+ + O2 ~ ot + Xe 1.00 1.10x to-)() ±20% 8013 

Xe+ + SiH4 ~ SiHt + H2 + Xe 0.56 9.40 x to- 1O ±20% 9002 
SiHt + H + Xe 0.44 

Xe+ + H2S H2S+ + Xe 1.00 9.90 x to- 1O ±20% 8013 

Xe+ + HCI ~ No Reaction < 1.00 x to- 12 8915 

Xe+ +Ar M Adduct 8632 

Xe+ + Xe ~ Adduct 8632 

Xe+ + C2Nz 
M Adduct 8632 ~ 

Xe+ + CO - No Reaction < 1.00 X 10- 12 8915 

Xe+ + CO2 - No Reaction < 1.00 x to- 12 8915 

Xe+ + N20 - No Reaction <2.00 x to- 13 8013 

Xe+ + COS - COS+ + Xe 1.00 8.70 x to-H) ±20% 8013 

Ba+ + D2 No Reaction < 1.00 x to- 12 8023 T=400 

Ba+ + O2 - No Reaction < 1.00 X 10- 13 7103 
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Table of Reactions - Continued 

Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

Ba+ + CO2 ~ BaO+ + CO 1.00 7206 
~ Adduct 8632 

Ba+ + NO ~ No Reaction < 1.00 X 10- 13 7103 

Ba+ + NzO ~ BaO+ + Nz 1.00 7206 

CN+ + Hz HCN+ + H 0.50 1.10 x 10-9 ±30% 9116 8404 7701 
HNC+ +H 0.50 

CN+ + Dz ~ DCN+ + D 1.00 9.10x 10- 10 ±20% 8404 8301 

CN+ + CH4 ~ CHt + HCN 0.50 1.00 x 10-9 ±15% 8404 8301 8012 
C~+ + CN 0.15 
HCN+ + CH3 0.15 
HCNH+ + CH2 0.10 
CH2CN+ + H2 0.10 

CN+ + CzH:! ~ CzHi + CN 0.90 -1.50 x 10- 9 ±20% 8301 
CHCCN+ + H 0.10 

CN'" + CZD2 ~ C2U{ + eN U.7U 5.4UX 10- 10 ±30% 8404 
CDCCN+ + D 0.30 

CN+ + CZH4 ~ CzHt + CN 0.70 1.30 x 10-9 ±30% 8404 8301 
HCN'" + CZH3 0.2.5 
CHCCNH+ + H2 0.05 

CN+ + CZH6 ~ CzHt + HCN + Hz 0.15 1.90 x 10- 9 ±20% 8301 
C2Ht + HCN + H 0.65 
C2Hs+ + HCN 0.20 

CN+ + NH3 NH{ + HCN 0.05 2.00 x 10- 9 ±20% 8301 
NHt + CN 0.60 
HCN+ + NHz 0.20 
HCNH+ + NH 0.15 

CN+ + ND) ~ ND)' ;- CN >0.80 1.30 X 10- 9 ±30% ~4U4 
DCN+ + NDz 0.10 
DCND+ + ND 0.10 

CN+ ;- N z No Reaction <4.30X 10- 1% ±30% ~4U4 ~3Ul 

CN+ + HzO ~ H2O+ + CN 0.10 3.20 x 10- 9 ±20% 8301 
HCN+ + OH 0.50 
HCNH+ + 0 0.15 
HCO+ + NH 0.05 
HNCO+ + H 0.20 

CN+ + DzO ~ DzO+ + CN 0040 2.10x 10- 9 ±30% 8404 
DCN+ + OD 0040 
DCND+ + 0 0.10 
DNCO+ + D 0.10 

CN+ + O2 ~ Ot + CN 0.60 4.30x 10- 10 ±30% 8404 
NO+ + CO 0.20 
NCO+ + 0 0.20 

CN+ + HzS ~ S+ + CN + H2 0.30 1.30 x 10- 9 ±30% 8404 
HS+ + HCN 0.30 
HzS+ + CN 0040 

CN+ + Xe Xe+ + CN 1.00 1.60 x 10- 10 ±30% 8404 
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Table of Reactions ....:. Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

CN+ + HCN ~ HCN+ + CN 0.83 2.70 x 10-9 ±20% 8404 8301 7819 
CzNt + H 0.17 

CN+ + CD3CN ~ cot + C2N2 0.20 3.40 x 10- 9 ±30% 8404 
C2Dt + CNz 0.10 
CD2CN'" + DCN 0.20 
CDzCND+ + CN 0.50 

CN+ + C2N2 ~ CzN+ + CN2 0.03 1.75 x 10-9 ±30% 8515 8404 8301 
C2Nt + CN 0.93 
C3N+ + N2 0.05 

CN+ + HC3N ~ C3N+ + HCN 0.20 4.60 x 10- 9 ±20% 8509 7911 
CHCCN+ + CN 0.80 

CN+ + CO CO+ + CN 1.00 4.40 x 10- 10 ±60% 8404 8301 

~ Adduct 8404 

CN+ + CH30H ~ CH3OH+ + CN 0.30 2.60 x 10- 9 ±30% 8404 
CHzOH+ + HCN 0.60 
HCNH+ + H2CO 0.10 

CN+ + CO2 cot + CN 0.40 1.10 x 10- 9 ±50% 8404 8301 
CzO+ + NO 0.30 
NCO+ + CO 0.30 

CN+ + CHOOH HCO+ + HNCO 1.00 5.30x 10- 9 ±30% 7821 

CN+ + NO ~ NO+ + CN 0.75 7.60 x 10- 10 ±30% 8404 
NCO+ + N 0.25 

CN+ + N20 NO+ + CN2 0.20 7.60 x 10- 10 ±30% 8404 
NzO+ + eN 0.60 
NCO+ + N2 0.20 

CN+ + COs ~ COS+ + CN 0.80 1.50 x 10- 9 ±30% 8404 
CSN+ + CO 0.15 
CzSN+ + 0 0.05 

HCN+ + 0 ~ D+ + HCN 1.00 3.70 x 10- 11 ±50% 7901 

HCN+ + Hz ~ HCNH+ + H 1.00 8.80 x 10- 10 ±20% 9116 7704 7701 

HCN+ + C~ ~ C2Ht + NHz 0.10 1.27 x 10-9 ±15% 9116 8101 8012 
HCNH+ + CH3 0.90 

HCN+ + C2H2 C2Ht + HCN >0.85 1.35 x 10- 9 ±45% 9116 8012 8002 
C2Ht + CN <0.15 
CHCCNH+ + H <0.10 

HCN+ + NH3 ~ NHt + HCN -0.60 2.80 x 10- 9 ±10% 8101 
NHt + CN <0.05 
HCNH+ + NH2 -0.30 

HCN+ + N2 No Reaction < 1.00 x 10- 11 8101 

HCN+ + H2O H2O+ + HCN -0.50 3.60 x 10-9 ±1O% 8101 
H30+ + eN -0.50 
HCNH+ + OH <0.05 

HCN+ + Oz ot + HCN 1.00 4.10 x 10- 10 ±30% 9039 8101 

HCN+ + HeN ~ HCNH+ + eN 1.00 1.45 x 10- 9 ±45% 8101 7819 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

HCN+ + HC3N CHCCN+ + HCN 0.52 4.60x lO-9 ±20% 8518 7911 
CHCCNH+ + eN 0048 

HCN+ + CO HCO+ + CN 0.30 4.60 x lO-IO ±20% 9116 9039 8101 
HNC+ + CO 0.70 

HCN+ + CO2 ~ HCOt + CN 0.42 5.00 x lO-10 ±25% 9116 9039 8101 
HNC+ + CO2 0.58 

HCN+ + CHOOH ~ HCO+ + H 2NCO 1.00 2.50 x lO-9 ±30% 7821 

HCN+ + N20 ~ N2O+ + HCN >0.90 1.20 x 10-9 ±25% 9039 
HNCO+ + N2 <0.10 

HNC+ + H2 HCNH+ + H 1.00 7.00 x lO-1O ±30% 9116 

HNC+ + ClL ~ HCNH+ + CH3 1.00 1.10 X 10-9 ±30% 9116 

HNC+ + C2H2 ~ C2Ht + HCN -0040 1.50 x lO-9 ±30% 9116 
CHCCNH+ + H -0.60 

HNC+ + O2 ~ NO+ + HCO 0.25 3.60 x 10- 10 ±25% 9039 
HNCO+ + 0 0.75 

HNC+ + CO ~ No Reaction < 1.00 x 10- 12 9039 

HNC+ + CO2 Products 1.00 1.20 x 10- 12 ±25% 9039 

HNC+ + N20 NO+ + HCN2 0.45 1.10 x lO-9 ±25% 9039 
HNCO+ + N2 0.55 

HCNH++ H2 ~ No Reaction <4.00x lO-13 7711 

HCNH++ D2 ~ No Reaction <2.50x 10- 12 7701 

HCNH++ C4H 2 ~ C4Ht + HCN 1.00 1.80 x lO-9 ±30% 9118 

HCNH++ NH3 ~ NHt + HCN 1.00 2.30 x 10- 9 ±30% 7704 7701 7412 

HCNH++ H2O ~ H30 + + HCN 1.00 8.80 x 10- 13 ±40% 7809 

HCNH++ H2S - H3S+ + HCN 1.00 3.20 x lO-1O ±30% 7813 7809 

HCNH++ CH3NH2 CH2NHt + HCN + H2 0.11 2.10 x 10-9 ±20% 9124 
CH3NH3+ + HCN 0.89 

HCNH++ CH3CN ~ CH3CNH+ + HCN 1.00 3.80x lO-9 ±20% 8929 

HCNH++ HC3N CHCCNH+ + HCN 1.00 3.40 x 10-" :!:30% 7911 

HCNH++ H2CO ~ CH2OH+ + HCN 1.00 2.10x lO-9 ±30% 7906 7814 7809 

HCNH++ CHOOH ~ CH(OH)z' + HCN 1.00 1.40 x 10 9 :!:30% 7820 

CH2NHt+ H2 - No Reaction <4.00x 10- 14 7711 

CH2NHt+ CH3NH2 ~ CH3NHt + HCN + H2 1.00 1.80 x lO-9 ±20% 9124 8322 

CH2NHt+ (CH3)zNH - (CH3hNHi + HCN + H2 1.00 1.60 x lO-9 ±20% 9124 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

CH3NHt+ CH3NH2 -'» CH3NHt + CH2NHz 1.00 1.90 x 10-9 ±20% 9124 

CH3NHt + (CH3hNH -'» (CH3)zNH+ + CH3NHz 0.55 1.70 x 10-9 ±20% 9124 
(CH3)zNHt + CH2NH2 0.45 

CH3NHt + (CH3hN (CH3hN+ + CH3NHz 0.92 1.60 x 10-9 ±20% 9124 
(CH3)3NH+ + CH2NHz 0.08 

CH3NHt + CH3NHz M Adduct 8632 

CH3NHt+ (CH3hNH (CH3hNHt + CH3NHz 1.00 1.60 x 10- 9 ±20% 9124 

CH3NHt+ (CH3hN (CH3)3NH + + CH3NHz 1.00 9.30x 10- 10 ±20% 9124 

CNC+ + H2 -'» No Reaction < 1.00 X 10- 13 8802 8012 

CNC+ + CH4 -'» CzHt + HCN 4.20 x lO- IZ ±20% 8802 8301 8012 
CHCCNH+ + H2 

CNC+ + CZH2 C3H+ + HCN 0.92 8.00 x 10- 10 ±40% 8802 8301 8012 
HCNH+ + C3 0.08 
HC4N+ + H 

CNC+ + C2H4 CzHt + C2N 0.10 1.30 x 10- 9 ±20% 8301 
C3Ht + HCN 0.30 
CH2CN+ + C2Hz 0.50 
HZC4N+ + H2 0.10 

CNC+ + C2H6 C2Ht + CH3CN 0.10 1.20 x 10-9 ±20% 8301 
C2Ht + HC2N 0.25 
C3Ht + HCN + Hz 0.30 
C.3Ht + HC.N 0.10 
CHzCN+ + CZH4 0.25 

CNC+ + NH3 -'» HCNH+ + HCN 0.95 1.85 x 10- 9 ±10% 8802 8301 8012 
NaH+ + CaH:! 0.0(j 

CNC+ + Nz No Reaction < 1.00 x 10- 13 8802 8301 

C.NC.+ + H 2O -'» C.HCN+ + OH 02(j 700x 10- 11 +40% 880? 8301 8012 
HCQ+ + HCN 0.75 

CNC+ + 02 -'» No Reaction < 1.00 X 10- 13 8802 

CNC+ + H2S -'» HCS+ + HCN 1.00 1.20 x 10-9 ±20% 8012 

CNC+ + HCN -'» No Reaction < 3.00 x 10- 11 8301 7819 

M Adduct 8802 

CNC+ + CH3CN -'» C2Ht + C2N2 1.00 4.10 X 10- 9 ±20% 8012 

eNC' + C2N2 -'» No Reaction < 1.00 X 10 II 8301 

CNC+ + HC3N C3H+ + C2N2 1.00 3.30x 10- 9 ±20% 8518 8509 

CNC+ + CO -'» No Keaction < 1.00 X 1O-1l 13301 

CNC+ + CO2 -'» No Reaction < 1.00 x 10- 13 8802 8301 

eNCI- + N2U -'» Products 1.00 4.UUX 10- 10 ±4U% ~S02 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (crn3/s) 

CCN+ + H2 - HCNH+ + H 
CH2CN+ 0.10 

CCN+ + C~ - C2Ht + HCN 0.60 7.00 x lO- Hl ±40% 8802 
HCNH+ + CzHz 0.10 
CHCCNH+ + Hz 0.30 

CCN+ + CzHz - C3H+ + HCN 0.92 1.60 x 10-'.1 ±40% 8802 
HCNH+ + C3 0.08 

CCN+ + NH3 HCNH+ + HCN 1.00 1.90 x 10-9 ±40% 8802 

CCN+ + N2 - No Reaction < 1.00 x 10- 13 8802 

CCN+ + H;::O HCNH+ + CO 0~08 1/l3 x 10-9 ±40% RR02 
HCO+ + HCN 0.92 

CCN+ + O2 - Ot + C2N <0.03 -4.OOx lO- Hl ±40% 8802 
CzNO+ + 0 ':>0~97 

CCN+ + HCN - Adduct 1.00 4.20 x 10- 10 ±40% 8802 

CCN+ + CO2 C2NO+ + CO 1.00 1.10 x 10-9 ±40% 8802 

CCN+ + NzO - NO+ + CZN 2 0.22 1.00 x 10-9 ±40% 8802 
NzO+ + C2N 0.05 
m/e-54 + m=28 0.73 

CH2CNH++ CO - Adduct 0.40 2.10x 10- 13 ±30% 8804 
CH;)CO+ + eN 0./l0 

CHzCNH+ + CO2 - No Reaction < 1.50 x 10- 13 8804 

CH3CNH++ CH3CN - Adduct + hv 1.00 8.00 x 10- 13 ±20% 9032 

(CHJ)2NH+ + (CH3hNH- (CH3)2NHt + CH3NH(CH2) 1.00 1.30 x 10-9 ±20% 9124 

(CH3)zNHt + (CH3hNH M Adduct 8632 

C1Nt + Hz HCzNt + H 1.00 9.60 x 10- 10 ±20% 8932 

C2Nt + CzHz CzHt + C2Nz 1.00 5.80x 10- 10 ±20% 8932 

C2Nt + CZH4 - C2Ht + CzNz 1.00 1.30 X 10- 9 ±20% 8932 

C,Nt + H:,O - H,O+ + C,N, 0.09 2.60 x 10- 9 ±20% 8932 
HCzNt + OH 0.91 

CzNt + HCN - HNC+ + C2Nz 0.20 2.70 x 10-9 ±25% 9039 
HC,Nt + CN 0.75 
Adduct 0.05 

C2Nt + C2Nz M C4Nt 1.00 8507 8515 

CzN:t + HC3N - CHCCN+ + CzNz 1.00 1.60 x 10- 9 ±30% 8509 

C2Nt + CO - Adduct 1.00 1.10x 10- 10 ±20% 8932 

C2Nt + CO2 - C2NzO+ + CO 0.58 4.10x 10- 12 ±20% 8932 
Adduct 0.42 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cml/s) 

HC2Ni+ CZH4 C2Ht + C2N2 1.00 8.00xlO- 1U ±20% 8932 8702 8412 

M Adduct 8932 

HC2N{ + H2O H30 + + C2Nz 1.00 5.10x 10- 10 ±30% 8412 

HCzNi+ CH30H CH30Hi + C2N2 1.00 1.50 x 10-9 ±30% 8412 

C3N+ + H2 CHCCN+ + H 0.90 9.10 x lO- lo ±20% 8518 
CHCCNH+ 0.10 

CHCCN++ Hz CzH{ + HCN 0.37 4.45 x 10- 11 ±80% 8616 8518 
CHCCNH+ + H 0.63 

CHCCN+ \- CH4 C31Jt -+ IICN 0.10 5.90 x lO-tn ...!..30% 8616 
CH2CNH+ -+ CzHz 0.50 
CHCCNH+ + CH3 0.30 

CHCCN++ CZH2 --'i> CZH2+ + HC.)N 0.20 6.40 x 10-to '±30% 8616 
C4Ht + HCN 0.80 

CHCCN+ + C2H4 CzHt + HC3N 0.80 6.70 x 10-10 :t30% 8616 
CHCCNH+ + CzH3 0.20 

CHCCN+ + C4H2 C4H:t + HC3N 1.00 8.90 x 10- to ±30% 8616 

CHCCN++ H 2O CHCCNH+ + OH 1.00 6.70 x to-til '±30% 8616 

CHCCN++ O2 HCO+ + C2NO 0.40 2.50 x 10- 12 ±30% 8616 
Adduct 0.60 

CHCCN++ HCN Adduct 1.00 8.90 x to- 1O :t:30% 8616 

CHCCN + + HC3N HCsN+ + HCN 0.90 1.30 x 10-9 ±20% 9115 
HCuN{ + H 0.05 
H .. Cr.Nt + hv 0.05 

~ Adduct 8616 

CHCCN++ CO Adduct 1.00 3.40 x 10- 11 :±:30% 8616 

CHCCN++ COS COS+ + HC3N 0.80 7.20 x to-HI :t:30% 8616 
HC3SN+ + CO 0.20 

CHCCNH++ Hz No Reaction < 1.00 x lO-B 8616 

CHCCNH++ C4H2 Adduct 1.00 8.70 x 10- 10 :t3O% 8616 

CHCCNH++ CH,CN CH~CNH+ + HC,N 1.00 3.60 x 10-9 :30% 8412 

CHCCNH++ CO No Reaction < 1.00 x 10-12 8616 

CHCCNH+ + CH30H 
CH3OH{ + HC3N 1.00 1.90 x 10-9 ::t20% 8518 

CHCCNH+ + CH3CHO 
CH3COHi + HC;3N 1.00 2.40 x 10-9 ±20% 8518 

CHCCNH + + (CH3hCO ~ (CH3hCOH+ + HC;!N 1.00 1.30 x 10-9 ::t30% 8412 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

CH2CHCN++ H2 CH2CHCNH+ + H 1.00 1.20 x 10- 12 ±30% 9117 

CH2CHCN++ CH4 CH2CNH+ + C2H4 0.70 2.60 x 10- 11 ±30% 9117 
CH2CHCNH+ + CH3 0.25 
H/jC4N+ + H 0.05 

CHzCHCN+ + CzHz C3Ht + CH:!CN O.OR 9.30 x 10- 10 ±30% 9117 
m/e=52 + m=27 0.55 
H2CsN+ + H2 +H 0.21 
H4CsN+ + H 0.16 

CH2CHCN+ + NH3 --,» NHt + CH2CHCN 0.66 1.90 x 10-9 ±30% 9117 
NHt + H2C3N 0.34 

CHzCHCN++ Nz No Reaction <5.oox 10- 13 9117 

CH2CHCN++ H2O --,» CH3COH+ + HCN 0.68 2.10x 10- 10 ±30% 9117 
C3H4NO+ + H 0.31 
Adduct 0.01 

CH2CHCN-t + HCN HC4Nt + H2 + H 0.09 1.90 X 10- 10 ±30% 9117 
H2C4Nt + H2 0.38 
HjC .. Nt +H 070 
Adduct 0.33 

CHzCHCN+ +CHzCHCN--'» Adduct 1.00 2.00 x 10-9 ±30% 9117 

CH2CHCN+ + CO CO+ + CH2CHCN 1.00 7.00 x 10- 12 ±30% 9117 

(CHJ)JN+ + (CHJhN (CHJ)JNH+ + (CH3 hNCH:! 1.00 1.10x 10- 9 ±20% 9124 

C4N+ + H2 C3H+ + HCN 1.00 2.20 x 10- 11 ±30% 8727 

C4N+ + CRt Ht + HCsN 0.05 6.35 X 10- 10 ±20% 8922 8727 
C2Ht + HC3N 0.22 
C4Ht + HzCN 0.01 
C .. Ht + HeN 0.32 
HCNH+ + C4H2 0.08 
CHCCNH+ + CzHz 0.26 
H2CsN+ + H2 0.06 

C4N+ + CzHz --,» CsH+ + HCN >0.70 8.00 x 10- 10 ±30% 8727 
Adduct <0.30 

C4N+ + C4H2 --,» C7H+ + HCN 0040 1.60 X 10- 9 ±30% 8727 
Adduct 0.60 

C4N+ + ND3 --,» NDt + C4N 0.65 1.20 x 10-9 ±30% 8727 
DCND+ + DC;,N 0.15 
CDCCND+ + DCN 0.20 

C4N+ + H2O HCO+ + HC3N 0.40 1.50 x 10-9 ±30% 8727 
CHCCNH+ + CO 0.50 
Adduct 0.10 

C4N+ + H2S --,» HCS+ + HC3N 0.60 8.90 x 10- 10 ±30% 8727 
CHCCS+ + HCN 0.10 
CzSN+ + C2H2 0.25 
Adduct 0.15 

C4N+ + HeN --,» HCsNi + hv 1.00 3.80 X lO- lU ±30% 8924 
M Adduct 8727 
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Table of Reactions - Continued 

Reactions Prod. Rate Canst. Ref. Footnotes 
Dist. (cm3/s) 

C4N+ + CH3CN -+ c2Rt + C4N2 0.60 3.lOx ±30% 8727 
HC4Nt + C2H2 0.40 

~N+ + HC3N -+ Adduct 1.00 1.00 x 10-9 ±30% 8727 

C4N+ " ..,. CO -l> Adduct 1.00 9.60 X 10- 11 ±30% 8727 

CsN+ + CRt -l> CHt + HCsN 0.23 7.50 x 10- 10 ±30% 8922 
C2Ht + HC4N 0.07 
C3Ht + HC3 N 0.07 
CsHt + HCN 0.05 
HCNH+ + CSH2 0.08 
H 2C4N+ + C2Hz 0.09 
HCsN+ + CH3 0.37 
H2C;N+ + H2 0.04 

CsN+ + HCN -'l> HCsN+ + CN 0.27 9.40 x 10- 10 ±30% 8924 
C,Nt + H 0.57 
HCN:t + hv 0.16 

HCsN++ HCN -'l> No Reaction < 3.20 x 10- 13 8924 

HCsN+ + HC3N -'l> H2CsNt + hv 1.00 5.00 x 10- 10 ±20% 9115 

C;N+ + HCN -'l> HC7N{ + hv 1.00 3.80 x 10- 10 ±30% 8924 

HCiNt+ HC3N -'l> CHCCNH+ + C;N2 1.00 9115 

H2C6Nt + H2 -'l> No Reaction < 1.00 x 10- 13 8616 

H2C6Nt+ CO -'l> No Reaction < 1.00 x 10- 12 8616 

CO+ + H -'l> H+ + CO 1.00 7.50 x 10- 10 ±30% 8403 

CO+ + D -'l> D+ + CO 1.00 9.(}()x10- 11 ±20% 7901 

CO+ + Hz -'l> HCO+ + H 0.52 1.40 x 10- 9 ±15% 8711 8403 7805 
HOC+ + H 0.48 7506 7423 7209 

7207 6702 

CO+ + D2 -'l> DCO+ + D 1.00 9.60 x 1O- 11l ±10% 7901 

CO+ + CRt -'l> CHt + CO 0.67 1.34 x 10-9 ±1O% 8001 7805 7209 
HCO+ + CH3 0.28 
CH3CO+ + H 0.05 

CO+ + C2H2 -'l> C2Ht + CO 1.00 4.10x 10- 10 7209 

CO+ + N -l> No Reaction <2.00x 10- 11 7201 

CO+ + NH3 -+ NHt + CO 1.00 1.85 X 10- 9 ±15% 8318 8001 7805 
7711 

CO+ + Nz M Adduct 8632 

CO+ + 0 0+ + CO 1.00 1.40 x 10-11) ±50% 7201 

CO+ + H2O -'l> H 2O+ + CO 0.65 2.40 x 10-9 ±10% 8001 7805 7802 
HCO+ + OH 0.35 7202 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

CO+ + 02 ~ Ot + CO 1.00 1.50 x lO- Hl ±30% 8409 7805 7209 
7010 6602 

CO+ + HzS ~ »1S+ + CO 0.94 2.lOx 10- 9 ±20% 8401 7507 
HCQ+ + SH 0.06 

CO+ +Kr Kr+ + CO 1.()() 2.20>-: 10-'9 ±20% 7318 T-373 

CO+ + HCN ~ HCQ+ + CN <0.10 3,40 x 10-9 ±10% 8101 
HCN+ + CO >0.90 

CO+ + CH3CN ~ CH2CN+ + H + CO 0.25 3.00x 10- 9 ±30% 8804 
CH2CNH+ + CO 0.75 

CO+ + HC3N CHCCN+ + CO 1.00 3.10x 10- 9 ±25% 8518 8509 7911 

*CO+ + CO ~ CO+ + *CO 1.00 6.30x 10- 10 ±50% 7611 7318 
M Adduct 8632 

CO+ + HlCO HCO+ + HCO 0.55 3.00x 10-9 ±20% 7805 
HlCQ+ + CO 0,45 

CO+ ;- CH30H CHlOH' ;- HCO 1.00 2.40 x 10 'J ±20% 7B05 

CO+ + COl ~ Cot + CO 1.00 1.10 X 10- 9 ±10% 8001 7805 7602 
7209 6602 

CO+ + CHOOH HCO+ + HCOz 1.00 4.1Ox 10-9 ±30% 7821 

CO+ + NO NO+ + CO 1.00 4.20x 10- 10 ±30% 7209 7201 

CO+ + NzO ~ Products 1.00 1.15 x 10-9 7209 

CO+ + SOz ~ SO+ + COz >0.90 2.40 x 10-9 ±40% 7507 7209 
sot ;- co ~O.lO 

CO+ + COS ~ S+ + CO + CO 0.10 1.41 x 10- 9 ±20% 7805 7209 
COS+ + CO 0.90 

HCQ+ + D ~ DCQ+ + H 1.00 4.25 X 10- 11 ±20% 8522 8503 

HCQ+ + H2 ~ No Reaction <2.00x 10- 14 8505 8307 7805 

* 
7711 

Adduct 8632 

HCO+ + Dz DCO+ + HD 1.00 1.80 x 10- 11 ±50% 7701 

HCO+ + C~ ~ No Reaction < 1.00 x 10- 13 7805 7104 

HCO+ + C2IIz CzHt + co 1.00 1.36xlO ? :t25% 7713 

HCO+ + CZH6 CzH{ + CO 1.60 1.20 x lO- JO ±20% 8117 

HCQ+ + NII3 NH.f ;- CO 1.00 2.25 x 10 'J ±15% 780.5 7711 7701 
7516 7415 

HCO+ + N2 ~ No Reaction <4.00 x 10- 14 7805 

HCO+ + H2O ~ H3O+ + CO 1.00 2.60 x 10- 9 ±30% 8208 7805 7802 
7510 

HCO+ + O2 ~ No Reaction <2.oox 10- 13 8505 7805 

HCQ+ + H2S ~ H3S+ + CO 1.00 1.60 x 10- 9 ±30% 7507 
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Table of Reactions - Continued 

HCO+ 

HCO+ 

HCO+ 

HCO+ 

HCO+ 

*HCO+ 

HCO+ 

HCO+ 

HCO+ 

HCO+ 

HCO+ 

HCO+ 

HCO+ 

HCO+ 

HCO+ 

HCO+ 

HCO+ 

HCO+ 

DCO+ 

HOC+ 

HOC+ 

HOC+ 

Hoe+ 

HOC+ 

Hoe+ 

HOC+ 

Hoe+ 

HOC+ 

+ HCl 

+ Ar 

+ HCN 

+ CO 

+ CO 

+ CHOOH 

Reactions 

~ No Reaction 

~ CHCCNH+ 

~ No Reaction 

M Adduct 

~ No Reaction 

CH(OH)t 

+ CzHsOH ~ H30 + 

CzHsOHi 

+ CHaCOOH~ CH;)CO+ 

CH3C(OH)i 

+ COS 

+ H 

+ H2 

+ eIL 

+ Oz 

+ Ar 

+Kr 

+ Xe 

\- eo 

+ CO2 

~ HCSi 

~ HCOS+ 

~ HCO+ 

~ Ht 
HCO+ 

CHI 

Hot 

~ No Reaction 

IlCO'" 

~ HCOt 
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+ CO 

+ co 

+ CO 

+ CO 

+ *CO 

+ CO 

+ CO 

+ CO 

+ CO 

+ CO 

+ CZH4+ CO 
+ CO 

+ CO 

+ H 20 + CO 
+ CO 

+ CO 

+ CO 

+ CO 

+ D 

+ CO 
+ H2 

+ eo 

+ CO 

I eo 

I eo 

+ CO 

+ co 

+ CO 

Prod. Rate Const. Ref. 
Dist. (cm3/s) 

1.00 4.00 x 10- 12 ±20% 8511 8502 

< 1.00 X 10- 11 8505 

1.00 3.50 X 10-9 ± 15% 8512 7819 7704 
7605 

1.00 4.10x 10-9 ±25% 7605 

1.00 3.80 X 10- 9 ± 20% 8518 8412 7911 

1.00 2.60 x 10- 10 ±20% 8005 

<4.oox 10- 14 7805 

8632 

1.00 3.30 X 10-9 ± 15% 7906 7902 7805 

1.00 2.60 x 10- 9 ±15% 7902 7805 

< 2.00 X 10- 13 7805 

1.00 1.80 x 10-9 ±15% 7902 7820 7818 

1.00 1.80 X 10-9 ± 15% 7902 

1.00 3.30 x 10-9 ± 15% 8617 7902 

0.45 2.20 x 10-9 ± 15% 7902 
0.55 

1.00 2.10x10- 9 ±15% 7902 

O?O ?"OX 10- 9 t~O% 7R18 
0.80 

1.00 2.00 x 10 - 9 ± 20% 8204 

1.00 3.30 x 10- 12 ±15% 8710 7512 7313 

1.00 1.10 X 10- 9 ± 20% 7805 

1.00 1.50 x 10- 11 ± 30% 8521 8503 

0.57 4.70 x 10- 10 ± 20% 8711 8505 
0.43 

1.00 1.10 x 10- 9 ±20% 8711 

1.00 6.70 x 10- 10 ±20% 8505 

1.00 1.90 X 10- 10 ± 20% 8711 

< 1.00 X 10- 12 8711 

1.00 4.00 x to-HI ±20% 8711 

1.00 - 1.00 x 10 - 9 ± 40% 8711 

1.00 6.00 x to- III ;;L 20% 8711 

1.00 9.45 X 10- 10 ± 20% 8711 8505 

Footnotes 

ab 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

HOC+ + NO HNO+ + CO 1.00 7.10 X 10- 10 ±20% 8711 

HOC+ + NzO ~ HNzO+ + CO 1.00 1.17 X 10- 9 ±20% 8710 8505 

DOC+ + H? ~ H2D+ + CO 0.57 6.20 x 10- 10 ±20% 8711 
HCO+ + HD 0.43 

HzCO+ + Hz ~ No Reaction <4.00x 10- 14 7805 7711 

H2CO+ + D2 ~ No Reaction < 5.00 x 10- 12 7701 

H:;!CO+ + elL CH2 OH+ + CH'I 0.85 1.10 x 10- lU ±20% 7805 
C2HsO+ + H 0.15 

HzCO+ + NH3 NHt + H2CO 0.37 2.00 x 10- 9 ±15% 7805 7711 7701 
NHt + HCO 0.63 

H2CO+ + Nz ~ No Reaction < 4.00 x 10- 14 7805 

H'lCO+ + H,O ~ H~O+ + HCO 1.00 2.10 X 10-9 ±20% 7805 7802 

H2CO+ + 0 1 H2O! + CO 0.30 1.10 x 10- 10 ±20% 7805 
HCO+ + HOl 0.70 

H2CO+ + HCN HCNH+ + HCO 1.00 1.40 x 10- 9 ±10% 7701 

HzCO+ + CO ~ No Reaction <4.00 x 10- 14 7805 

H2CO+ + H2CO ~ CH2OH+ + HCO 1.00 3.20 x 10-9 ±30% 7805 

H2CO+ + CH30H CH2OH+ + CH30 0.10 2.40 x 10-'1 ±30% 7805 
CH3OH{ + HCO 0.90 

H1CO+ + COz ~ No Reaction <4.00x 10- 14 7805 

H2CO+ + COS ~ H2S+ + CO + CO 0.56 1.00 x 10-9 ±20% 7805 
HCOS+ + HCO 0.41 
H2COS+ + CO 0.03 

CH2OH+ + Hz No Reaction < 2.00 x 10- 14 7805 7711 

CH2OH+ + ClL No Reaction <4.00x 10- 14 7805 

CH2OH+ + C4Hz C4Ht + H2CO 1.00 9.30 x 10- 10 ±20% 8702 

CH2OH+ + NH3 ~ NHt + HzCO 1.00 2.05 X 10- 9 ±15% 7906 7805 7711 
7701 

CH2OH+ + N2 ~ No Reaction <4.00 x 10- 14 7805 

CH2OH+ + H2O ~ H3O+ + H2CO 1.00 2.30 x 10- 10 ±1O% 7805 7802 

CH10H+ + O2 ~ No Reaction <4.00x 10- 14 7805 

CH2OH+ + H:;!S H3S+ + H2CO 1.00 4.00 x 10- 10 ±40% 7814 7809 7701 

CHzOH+ + HCN ~ HCNH+ + HzCO 1.00 1.30 X 10- 9 ±30% 7814 7809 

CHzOH+ + CO No Reaction <4.00x 10- 14 7711 

CHzOH+ + H2CO M Adduct 8632 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

CHzOH+ + CH30H - CH30Ht + HzCa 1.00 1.90 X 10- 9 ±30% 7805 

CHzOH+ + COz - No Reaction <4.00x 10- 14 7805 

CHzOH+ + CHOOH - CH(OH)t + HzCa 1.00 2.00 x 10-9 ±30% 7820 

CHzOH+ + COS - No Reaction <4.00x 10- 13 7805 

CH30Ht + ~Hz - No Reaction < 2.00 x 10- 11 8702 
~ Adduct 9118 

CH30Ht + CH30H - (CH3)20H+ + HzO 1.00 7.60 X 10- 11 ±30% 9119 
~ Adduct 8632 

CH)CHO+ + CH3CHO- CzHsO+ + CH3CO 1.00 3.00 x 10-9 ±30% 8617 

CH3CHOH+ + CH3CHO ~ Adduct 8632 

(CH3hOH+ + (CH3)z0 ~ Adduct + hv 1.00 2.00 x 10- 12 ±20% 9032 

(CH3)zCOH+ + (CH3)2CO~ Adduct + hv 1.00 9.20 x lO-12 ±20% 9032 8806 
Adduct 8632 

COt + H ~ H+ + CO2 -0.17 3.25 x lO-1O ±60% 8417 8308 7901 
HCO+ + 0 -0.83 7101 

cot + D ~ D+ + CO2 <0.24 8.40 x 10- 11 ±2S% 7901 
DCO+ + 0 >0.76 

cot + Hz ~ HCOt + H 1.00 6.20 x lO- to ±35% 8401 8308 8203 
7901 7608 7423 
7211 7207 6702 

cot + Dz ~ DCOt + D 1.00 5.00 x lO- to ±20% 7912 7901 

COl + CH4 - CH4' + COz 0.2.5 1.0.5 x 10 <) ::t1O% 8314 8203 8001 
HCOt + CH3 0.27 7424 

cot + N - No Reaction < 1.00 x 10- 11 7004 

cot + NH3 NHt + CO2 1.00 1.90 X 10- 9 ±1O% 8318 8203 8001 

Cot + 0 - 0+ + CO2 -0.37 2.60 x 10- 10 ±50% 7004 
Ot + CO -0.63 

cot + HzO HzO+ + COz 0.75 2.40 x 10- 9 ±lS% 8001 7802 7716 
HCOt + OH 0.25 

cot + Oz - at + CO2 1.00 5.50x 10- 11 ±15% 8506 8409 8314 ab 

8203 7912 7512 
7417 7004 6804 

COt + HzS HzS+ + COz 1.00 1.55 X 10- 9 ±20% 8401 8203 

Cot + Xe ~ Xe+ + COz 1.00 6.00 x 10- 10 ±30% 8314 

cot + HCN ~ HCN+ + CO2 -0.90 9.00 x 10- 111 ±10% 8101 
HCOt + CN -0.10 

cot + CH3CN ~ CHzCNH+ + COz 1.00 2.50 x 10- 9 ±30% 8804 

"'COt + cO2 ~ cot + "'C02 1.00 3.70 x 1O-1Il ±10% 7611 
M Adduct 8632 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

cot + NO NO+ + CO2 1.00 1.23 X 10- 10 ±20% 8314 8203 8123 
7004 

cot + S02 Sot + CO2 1.00 1.50 x 10- 9 ±20% 8203 

COt + COS ~ COS+ + CO2 1.00 9.60 x 10- 10 ±20% 8203 

HCOt + ClL - CHs+ + CO2 1.00 7.20x 10- 10 ±15% 8006 7424 7313 
7310 

HCOt + C2H2 - C2H.t + CO2 1.00 1.37 x 10- 9 ±25% 7713 

HCOt + N2 ~ N2H+ + CO2 1.00 <2.oox 10- 15 7607 

HCOt + H2O ~ H3O+ + CO2 1.00 2.65 X 10-9 ±20% 8208 7510 

HCOt + CH3CN CH3CNH+ + CO2 1.00 4.10x 10- 9 ±25% 7605 

HeOt + NO HNO+ + CO2 1.00 < 1.00 x lO-lU 7104 

CH(OH)t + C2H4 C2Ht + CHOOH 6.20 x 10- 10 ±25% 8612 
CzHsO+ + H2CO 

CH(OH)t + C2H6 No Reaction < 1.00 X 10- 12 8612 

CH(OH)t + C4H2 C4Ht + CHOOH 1.00 6.20 x 10- 10 ±20% 9118 8702 

~ Adduct 9118 

CH(OH)t + NH~ ~ NHt + CHOOH L20x 10- 9 ±25% ~fl12 

NH3OH+ + H2CO 

CH(OH)t + ND3 NHDt + CHOOH 1.40 x 10-9 ±25% 8612 
ND3OH+ + H2CO 

·CH(OH)t + H2O ~ H3O+ + CHOOH 1.00 2.10 x lO-11 ±25% 8612 

CH(OH)t + D,O HD20+ + CHOOH 1.00 2.60 x 10- 11 ±25% 8612 

CH(OH)t + HzS H3S+ + CHOOH 7AOx lO-lil ±25% 8612 
CH2OH+ + H2SO 
HSO+ + CH30H 
H3SO+ + HzCO 

CH(OH)t + CO2 No Reaction <1.00xlO- 12 8612 

CH(OH)t + COS - H3SO+ + CO + CO 8.60 x 10- 10 ±25% 8612 
HC02S+ + H2CO 

CS+ + H2 ~ HCS+ + H 1.00 4.30x 10- 10 ±15% 8401 8303 7414 

CS+ + Cf4 ~ HCS+ + CH3 1.00 7.30 x 10- 10 ±45% 8303 7414 

CS+ + O2 - COS+ + 0 1.00 1.02 X lO-1O ±20% 8401 8303 

HCS+ + H2 No Reaction ~5.00x 10- 13 8517 8401 8303 

HCS+ + CH4 ~ No Reaction < 1.00 x 10- J2 8525 8517 

HCS+ + NH3 - NHt + CS 1.00 2.00 x 10- 9 ±20% 8525 8517 

HCS+ + N2 No Reaction < 1.00 x 10- 12 8525 8517 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

HCS+ + H2O - No Reaction < 1.00 X 10- 12 8525 8517 

HCS+ + O2 - No Reaction < 1.00 x 10- 12 8525 8517 

HCS+ + H2S - No Reaction < 1.00 x 10- 12 8525 8517 

HCS+ .. 1+ IICN No RCdction < 1.00 x 10- 12 8525 8517 

HCS+ + CO - No Reaction < 1.00 x 10- 12 8525 8517 

HCS+ + H2CO - No Reaction < 1.00 x 10- 12 8525 8517 

HCS+ + CO2 - No Reaction < 1.00 X 10- 12 8525 8517 

HCS'" + C2H SOH C2HSOH:t + CS 1.00 8.20 x 10- 111 -L20% 8525 

HCS+ + (CH3)2CO- (CH3)2COH+ + CS 1.00 2.40 x 10-9 ±20% 8525 

HCS+ + CH3SH CH3SH{ + CS 1.00 4.50 x 10- 10 ±20% 8525 8517 

cst + Xe No Reaction < 5.00 X 10- 14 9105 

cst + CS2 M Adduct 8632 

HCSi + C2H4 - C2Ht + CS2 1.00 4.50x 10- 11 ±1O% 8807 

HCSt + H2O - H3O+ + CS2 1.00 2.05 X 10-9 ±70% 8807 8208 

CCI+ + H2 - No Reaction < 1.00 X 10- 12 8511 8502 

CCI+ + CRt No Reaction < 1.00 x to- 12 8511 8502 

CCI+ + NH3 - HCNH+ + HCI 0.99 1.30 x 10-9 ±20% 8623 8511 8502 
CHNH{ + Cl 0.01 

CCI+ -t- N2 - No Reaction <1.00x1O- J:l 8511 8502 

CCI+ + H2O - No Reaction < 3.00 X 10- 11 8511 

CCI+ + O2 - No Reaction < 1.00 x 10- 12 8511 8502 

cel+ + HCN - No Reaction < 1.00 x 10- 12 8511 8502 

eel + + CO No Reaction < 1.00 X to- 12 8511 8502 

CCI+ + H2CO CH2CI+ + CO 1.00 5.30x to-HI ±20% 8623 8511 

CCIT + CU2 - No Reaction < 1.00 X 1O~ 12 8j11 8j02 

HCCI+ + H2 - CH2Cl+ + H 1.00 6.00 x 10- 12 ±20% 8502 

HeCI+ + CRt - No Reaction < 1.00 x to- 12 8502 

HCCI+ + NH3 - NHt + CCI 1.00 -2.50x 10-9 ±50% 8502 

HCCI+ + N2 - No Reaction < 1.00 x 10- 12 8502 

HCCI+ + O2 - No Reaction < 1.00 X 10- 12 8502 

HCCI+ + HCN No Reaction < 1.00 x 10- 12 8502 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

HCCl+ + CO No Reaction < 1.00 x 10- 12 8502 

HCCI+ + CO2 No Reaction < 1.00 x 10- 12 8502 

\, I 

CH2CI+ + H2 ~ No Reaction < 1.00 x 10- 12 8511 8502 

CH2CI+ + CH4 ~ No Reaction < 1.00 X 10- 12 8502 

CH2CI+ + NH3 ~ NHt + HCCI 0.50 -1.50 x 10-9 ±50% 8502 
CH,NHt + HCI 0.50 

CHzCI+ + N2 No Reaction < 1.00 x 10- 12 8502 

CH2CI+ + H2O --,lo CH2OH+ + HCI 1.00 1.20 x 10- 10 ±10% 7802 

CH2CI+ + O2 No Reaction < 1.00 x 10- 12 8502 

CH2C) + + HCN No Reaction < 1.00 x 10- 12 8502 

CH2CI+ + CO --,lo No Reaction < 1.00 x 10- 12 8511 8502 

CH2CI+ + CO2 ~ No Reaction < 1.00 X 10- 12 8502 

NO+ + H2 ~ No Reaction < 1.00 X 10- 13 8010 7701 

NO+ + CH4 ~ No Reaction < 1.00 x 10- 11 8018 
M Adduct 8632 

NO+ + i-C4HK ~ i-C4Ht + NO 1.00 1.27 X 10-9 ±20% 9040 

NO+ + c-C6H/\ c-C6Ht + NO 1.00 1.43 X 10- 9 ±20% 9040 

NO+ + NH3 M Adduct 8632 

NO+ + N2 M Adduct 8632 

NO+ + H2O M Adduct 8632 

NO+ + O2 No Reaction < 1.00 x 10- 11 8018 
M Adduct 8632 

NO+ + 0 3 --,lo No Reaction < 1.00 x 10- 14 7303 
M Adduct 8632 

NO+ + Na --,lo Na+ + NO 1.00 7.70 x 10- 11 ±30% 6901 

NO+ + H 2S M Adduct 8632 

NO+ +Kr M Adduct 8632 

NO+ + CH3NH2 ~ CH3NHt + NO 1.00 8.20 x 10- 10 ±20% 8010 

NO+ + CO M Adduct ~632 

NO+ + H2CO M Adduct 8632 

NO'" + CH30H M Adduct 8632 

NO+ + CO2 ~ No Reaction < 1.00 x 10- 11 8018 
M Adduct 8632 

NO+ + CH3CHO--,lo CH3CO+ + HNO 1.00 3.50x 10- 10 ±20% 9040 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

NO+ + NO * Adduct 8632 

NO+ + N02 -? No Reaction <3.00x 10- 12 8018 

NO+ + N20 -? No Reaction < 1.00 x 10- 11 8018 
~ Adduct 8632 

NO+ + COS * Adduct 8632 

HNO+ + CRt -? CHt + NO 1.00 > 1.00 X 10- 10 7104 

HNO+ + N2 N2H+ + NO 1.00 < 1.00 X 10- 10 7104 

HNO+ + H2O -? H30+ + NO 1.00 2.30 x 10-9 ±25% 8208 

HNO+ + CO -? HCO+ + NO 1.00 > 1.00 X 10- 10 7104 

HNO+ + CO2 -? HCOt + NO 1.00 > 1.00 X 10- 10 7104 

HNO+ + NO NO+ + HNO 1.00 7.00 x 10- 10 ±30% 7005 

NOt + N No R'eaction < 8.00 x 10- 12 7717 

NOt + 0 No Reaction <8.00x 10- 12 7717 

Not + H2O * Adduct 8632 

NOt + NO NO+ + N02 1.00 2.75 X 10- 10 ±30% 8314 6904 

N2O+ + H2 -? N2H+ + OH 0.29 3.60 x 10- 10 ±40% 7423 7210 6702 
HN20+ + H 0.71 

N20+ + CRt -? HNO+ + HCN + H2 0.03 1.00 x 10- 9 ±1O% 7424 7210 
HN2O+ + CH3 0.97 

N2O+ + N2 -? No Reaction < 1.00 x 10- 12 8402 

N2O+ + O2 -? ot + N20 0.83 2.70 x 10- 10 ±20% 8402 
NO+ + N02 0.17 

N2O+ + CO COt + N2 0.37 3.00 x lO- HI ±20% 8402 
NO+ + NCO 0.63 

N2O+ + CO2 * Adduct 8632 

N2O+ + NO -? NO+ + N20 1.00 2.30 x 1O- Hl ±40% 8402 8314 

N2O+ + N02 -? NO+ + N2 + O2 0.66 6.50 x 10- 10 ±50% 8402 
NOt + N20 0.34 

N2O+ + NzO -? NO+ + Nz + NO 1.00 -1.20 X 10- 11 8402 

* Adduct 8632 

HNzO'" + CzHz -? CzHt + NzO 1.00 1.21 x 10-~ ±25% 7713 

HNzO+ + CZH6 CzHt + NzO + Hz 0.05 1.08 x 10-9 ±20% 8117 7415 
C2Ht + N20 0.95 

HNzO+ + NH3 -? NHt + NzO 1.00 2.10x 10-9 ±20% 7415 

HNzO+ + H2O -? H3O+ + N20 1.00 2.83 X 10- 9 ±25% 8208 7510 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

HNzO+ + CH3CN -7 CH3CNH+ + N20 1.00 3.80 X 10- 9 ±2S% 7605 

HN2O+ + CO -7 HCO+ + N20 l.OU 5.3UX 10- 10 ±2U% ~UUb 7512 7313 

HNNO+ + CRt -7 CRt + N20 1.00 1.00 x 10- 11 ±25% 9031 

NNOH+ + CRt -7 No Reaction < 1.00 x 10- 12 9031 7104 

MgO+ + Nz No Reaction < 1.00 x 10- 12 8113 

MgO+ + 0 Mg+ + O2 1.00 -1.00 X 10- 10 6802 

MgO+ + D20 -7 MgOD+ + OD 1.00 1.30 x 10-9 ±30% 8113 

MgO+ + 0 3 - Mg+ + O2 + O2 1.00 8.00 x 10- 111 ±50% 8113 

MgO+ + CO Mg+ + COz 1.00 3.20 x lO- lfl ±30% 8113 

MgO+ + NO - Mg+ + N02 1.00 4.30 x 10- 10 :t30% 8113 

MgOH+ + H20 2 - Mg(OH)t + OH 1.00 -1.00 x 10-9 ±50% 8113 

SiNHi + NH3 - NHt + SiNH 1.00 9.00 x lO- lfl ±30% 8824 

SiNH! + (CH3hCO- SiNHCHj + CH3CHO 0.85 2.40 x 10-9 ±30% 8824 
Adduct 0.15 

SiNHi + (CH3)zS - CH3SCHi + SiNH3 0.70 1.50 x 10- 9 ±30% 8824 
SiNHCHt + CH3SH 0.05 
Adduct 0.25 

SiO+ + H2 -7 SiOH+ + H 1.00 3.20x 10- 10 ±30% 8111 

SiO+ + Do:: SiOD+ 1- D 1.00 2.00 x 1O-1CI J..JO% 8111 

5iO+ + N - Si+ + NO -0.70 -3.00x 10- 10 ±50% 6903 
NO+ + Si -0.30 

5iO+ + 0 - 5i+ + O2 1.00 -2.00 X 10- 10 ±50% 6903 

SiO+ + O2 No Reaction < 2.00 x 10- 13 8918 

SiO+ + NOz - NO+ + SiOz 0.63 1.50 x 10- 9 ±30% 8918 
NOt + SiO 0.35 
Siol + NO 0.02 

SiO+ + N20 - Siot + N2 1.00 4.80 x 10- 10 ±30% 8918 

SiOH+ 1 Hl No Reaction .....: 2.00 x 10- 13 8705 

SiOH+ + CH2CCH2 - C3Ht + SiO 0.20 3.lOx 10- 11 ::!:30% 8933 
Adduct 0.80 

SiOH+ + NH3 - NHt + SiO 1.00 2.25 x 10- 9 ±30% 8933 8111 

SiOH+ + H2O - Adduct 1.00 1.00 X 10- 11 ±30% 8705 

SiOH+ + CH3CN - CH3CNH+ + SiO 0.45 4.80x 10- 10 ±30% 8933 
Adduct 0.55 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

SiOH+ + H2S - No Reaction < 1.00 x 10- 12 8933 

SiOH+ + CO No Reaction <3.OOx 10- 13 8705 

SiOH+ + CH30H SiOCHt + HzO 0.90 1.15 x 10- 9 ±30% 8705 
Adduct 0.10 

SiOH+ + CHOOH - SiOzHt + CO ~0.90 1.00 x 10- 9 ±30% 8705 
Adduct ~0.1O 

SiOH+ + CzHsOH - SiH2OH+ + CH3CHO 0.03 2.40 x 10- 9 ±30% 8705 
Si02Ht + CZH4 0.60 
SiOC2H; + H2O 0.30 
CzH"OHt + SiO 0.07 

SiOH+ + (CH3)20 - (CH3hOH+ + SiO 0.20 9.50 x 10- 10 ±30% 8933 
Adduct 0.80 

SiOH+ + CH3COOH - CH3CO+ + SiOzHz 0.90 2.30 x 10- 9 ±30% 8705 
CH3C(OH)i + SiO 0.10 

SiOt + O2 No Reaction < 1.00 x 10- 13 8111 

Si02Ht + H2O Adduct 1.00 8705 

SiOzHt + HCOOH - Si03H; + CO 0.10 8705 
Si03CHt + H2O 0.90 

SiOzHt + CzHsOH - Si03Ht + CZH4 8705 
Si02C2Ht + H2O 
Adduct 

so+ + Hz - No Reaction < 6.00 x 10- 12 8401 

so+ I N· NS+ + 0 1.00 -S.OOx to-II ±SO% 7302 

so+ + NH3 NHt + SO 1.00 1.30 X 10-9 ±30% 7507 

SO+ + O2 No Reaction < 2.20 x 10- 11 8401 

SO+ + HzS - Sf + H2O 1.00 1.10 x 10- 9 ±30% 7507 

SO+ + CO - No Reaction < 1.00 X lO- IZ 7302 

SO+ + S02 - No Reaction < 1.00 X 10- 11 8401 

sot + Hz HSOt + H 1.00 1.70 x 10- 11 ±40% 8401 

sot + Oz Ot + S02 1.00 2.65 X to-H) ±20% 8401 7302 

sot + CO - SO+ + CO2 1.00 3.00 x 1O-J() ±20% 7302 

sot + CO2 
M Adduct 8632 -

sot + NO NO+ + S02 1.00 7.00 x 10- 11 ±30% 8314 

sot + -S02 - No Reaction < 1.00 x 10- 11 8401 

M Adduct 8632 
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Table of Reactions - Continued 

Reactions Prod. Rate Const. Ref. Footnotes 
Dist. (cm3/s) 

HSOt + H2O -')0 H30+ + S02 1.00 2.13 x :!::2S% 8208 

HSOt + C2N2 -')0 HC2N! + S0 2 1.00 8.20 x 10- 111 ±3O% 8412 

CrO+ + H2 -')0 No Reaction < 4.00 x 10- 12 8628 

CrO+ + C~ -')0 No Reaction < 4.00 x 10- 12 8628 

CrO+ + C2H6 -')0 Cr+ + C2HsOH 1.00 -1.00 x 10- 10 ±50% 8628 

FeO+ + CH4 No Reaction < 1.00 x 10- 11 8427 

FeO+ + C2H6 Fe+ + H20 + C2H4 0.10 8427 
FeC2Ht + H2O 0.70 
FeH2O+ + C2H4 0.20 

FeO+ + C-C3H /i -')0 No Reaction < 1.00 x 10- 11 8427 

FeO+ + C3Hg Fc+ + H20 + C3H6 0.20 8427 
FcC3Ht + H2O 0.50 
FcH2O+ + C3H6 0.10 
HOFeC2Ht + CH3 0.20 

ZrO+ + O2 -')0 ZrO! + 0 1.00 5.00 x 10- 12 :!::75% 8528 

ZrO+ + CO2 ZrO! + CO 1.00 1.00 x 10- 12 ±75% 8528 

ZrO+ + NO -')0 ZrO!' + N 1.00 2.50 x 10- 12 ±75% 8528 

SiS"'" + H2 -')0 No Reaction < 2.00 x 10- 14 8918 

SiS+ + O2 -')0 SO+ + SiO 0.70 8.90 x 10- 11 ±30% 8918 
SiO+ + SO 0.30 

SiS+ + CO -')0 No Reaction < 4.00 x 10- 14 8918 

SiS+ + COS -')0 SiSt + CO 1.00 1.40 X 10- 9 ±30% 8918 

SiSH+ + CZH4 -')0 Adduct 1.00 1.80 x 10- 11 ±30% 8933 

SiSH+ + NH3 NHt + SiS 1.00 9.70x lO- JO ±30% 8933 

SiSH+ + H2O -')0 SiOH+ + H2S 1.00 1.10 X 10-9 ±30% 8933 

SiSH+ + H2S -')0 H3S+ + SiS 1.00 2.90x 10- 10 ±30% 8933 

SiSH+ + HCN -')0 HCNH+ + SiS 1.00 6.10 x 10- 10 ±30% 8933 

COS+ + H:2 -')0 No Reaction <5.00 x 10- 13 8401 8110 

COS + + CH4 No Reaction < 5.00 x 10- 13 8110 

COS+ + C2H 2 C2H! + COS 0.02 4.80xlO- JO ±30% 9123 
CH2CS+ + CO 0.98 

COS+ + NH3 NHt + COS 1.00 2.30X 10- 9 ±20% 8110 

COS+ + Nz -')0 No Reaction < 5.00 x 10- 13 8110 
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Reactions 

COS+ + H2O -+ No Reaction 

COS+ + O2 No Reaction 

M Adduct 

COS+ + H2S -+ H2S+ 

COS+ + CH3NH2 -+ CH2NHt 
CH3NHt 

COS+ + CO -+ No Reaction 
M Adduct -+ 

COS+ + CO2 No Reaction 

COS+ + NO -+ NO+ 

*COS+ + COS COS+ 

M Adduct 

HCOS' -t- H2O H30' 

HCOS+ + C2N2 -+ HC2Nt 

a Temperature dependent study made. 
b See "Notes on Reactions." 

VINCENT G. ANICICH 

Table of Reactions - Continued 

Pro"d. Rate Const. 
Dist. (cm3/s) 

< 1.00 x 10- 12 

<5.00 x 10- 13 

+ COS 1.00 lAOx 10- 9 

+ HCOS 0.60 1.60x 10- 9 

+ COS 0040 

<5.00x 10- 13 

<S.OOx 10- 13 

+ COS 1.00 7.00 x 10- 11 

+ *COS 1.00 7.20 X 10- 10 

+ COS 1.00 3.40 X 10- 9 

+ COS 1.00 
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8110 

8110 

8632 

±20% 8110 

±20% 8110 

8110 

8632 

8110 

±20% 8110 

±20% 8110 

8632 

±25% 8208 

8702 



6401 

6501 

6502 

6601 

6602 

&603 

0604 

6605 

6702 

6801 

6802 

6803 

6804 
6901 

6902 

6903 
6904 

6905 

69<16 
6907 

7001 
7002 

7003 

7004 

7005 

7006 

7007 

7008 

1009 
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10. Notes on Reactions 

Averaged rate can. Disregarded the 7401 prod. distri
bution, discussion in 8421 shows that it has the more 
thermal value. 
Disregarded 7701, as it is an unpublished reference. 
Used weighted average using known error limits. 
Averaged 8212 and 8109. 

I, ,Disregarded 7423. 
Used 7620 for rate can. and 6907 for the prod. distri
bution. 
Averaged the rate can. of 7503 and 7423. Used the 
prod. distribution of 7503, disregarding 7207. 
Assumed 7608 was the most reliable, since it is a re,:;"f' 
work of 7207. The rate can. of 7423 and 7211 were not 
used since they are faster than the collision rate of 
2.9E - 9. There is a possibility of a Cot reaction 
channel. but it was not observed in 7608 using similar , 
equipment. 
Used 7620 only. 
Disregarded 7005. 
Disregarded 7005. 
Disregarded 7005. Did not average 7405 in the prod. 
distribution; 
Disregarded 7005. There is a possible 1 or 2% channel 
leading to CzHt. 
Disregarded 7005. 
Disregarded 7005 and 6907. 
Disregarded 7005. 
Disregarded 7312 
Disregarded 7104. because it reported a lower limit 
and also agreed with the rate constant reported in 
6907. 
Disregarded 7005. Used 8310 for isotopic ratio. 
Disregarded the 7316 prod. distribution. Ht has been 
shown to be energetic from the tandem source. 
Decided that the 7818 prod. distribution would be 
consistent with the 7821 report. 
Disregarded 8926, because it was only at 30K. 
Used 8004 and 7407. 
Assumed that 8004 updated the 7407 rate can. 
Averaged the prod. distributions, assuming 7402 
missed the H+ channel. Avera~ed the rate can. of 
8317, 7908, 7801, and 7602. 
Used a weighted averaged of 7515 and 7502 using 
known error limits. 
Assumed 7502 missed the H + channel. 
Disregarded 6905 and 6601. Assumed the prod. distri
bution of 7602 was correct. 
Assumed that latest values were correct. 
Disregarded 8703, because the experiments did not 
get above 67K. 
Disregarded 8703, because the experiments did not 
get above 67K. 
Used a weighted average using known error limits. 
Disregarded the 7911 prod. distribution. 
8822 was only interested in the charge transfer pro
cess. 
Disregarded 8703, because the experiments did not 
get above 67K. 
Assumed that 7417 superseded 6804. 
Used 8607, because the others were only upper limits 
and they were consistent with 8607. 
Used 8607, because the other was only an upper limit 
and it was consistent with 8607. 
Disregarded the prod. distribution of 7905, because 
the C+ was made by electron impact ionization. 
Averaged the prod. distributions from 7905, 7707, and 
7601. 
Choose the 90/10 prod. distribution. 

C+/02 

C+/HC3N 
C+/CH30H 

C+/SOz 

CHtINH3 

CHz+/I-hO 

CHt/I-hS 

CHtINH3 

CHt!H2S 
CHtIHCN 
CHt/CH3CN 

CHtIHC3N 
CHt/CH30H 

Disregarded 7601 and 6602. 
Averaged 8518 and 8509. 
Averaged rate constants, assumed the tandem ICR ex
periment may have had some excess energy and ef-
fected the ICR prod. distribution. 
Choose the 90/10 prod. distribution. 
Used 7009, because it was the only measurement at 
300K. 
Used 7507, because it was the only measurement at 
300K. 
Disregarded 7012. 
Assumed that the earlier ICR results were in error, 
the large H 3S + peak could easily been lost in the same 
peak produced in the HzS + /HzS reaction. 
Used prod. distribution from 8501. because it was the 
only sure measurement. 
Used 7705 for the prod. distribution,.The C2Ht and 
C2Ht channels were measured by 7402 indicated that 
the CHt reactant ion was probably "hot." They are 
endothermic by 4.4 and 3.9 keaf/mol respectively. 
Averaged 8001 and 7707. 
Averaged 8001 and 7705 (Large error bars are re
ported in both studies. This reaction needs more 
work). 
Averaged the 8401 and 7803 rate can. Assumed that 
8401 was a rework of 7305. Assumed the H3S + chan-
nel, which is endothermic by 6.5 kcallmol. was due to 
some excited states of the CHI ion, 
Disregarded 7707 and 7305. 
Averaged 8401 and 7803 
Assumed 8501 and 8003 were correct. 
Used 8929 (ICR) results. Assumed 8510 (SIFT) re
sults were pressure saturated. 
Disregarded 7911. 
Used the prod. distribution of 7804 and the rate can. 
from 7803. 

CHt /CH.,CHO (Unresolved differences) 
CHi /CzHsOH Used the prod. distribution of 7804 and the rate can. 

from 7609.' 
CHtINH3 

CHt/HzO 
CIUIH2S 
CHtIHCN 
CHt/C02 

CHtINzO 
CHt/H 
CHtlC02 

CiIHCN 
CiIHC3N 

CzH+/CzH 2 

C2H+/HCN 

CzHt!H2 
C2Ht/CH4 

C2HtlC2H4 

CZH2+/HC3N 
CzH{INO 
C2HtIH 
CzHt 1C::!Hz 
CzHtlC2H6 

CzHtIHC3N 
C2Ht/C2N2 

C2Ht/H 

Averaged 8001 and 7707 only. 
Disregarded 7802. 
Averaged 8401 and 7705 only. 
Used the more recent value in 8501. 
Used the 8001 prod. distribution. 
Used the 7210 prod. distribution. 
Used 8308. 
Disregarded 7424. 
Used the prod. distribution from 8501. 
Assumed that there was some unknown problem with 
the prod. distributions of 8509, since the main channel 
C3N+ is endothermic by 12.2 kcallmol. 
Disregarded the prod. distribution from 7105. 
Rate can. were averaged,. A SIFT study (I.S. Knight. 
Ph.D. Thesis, University of Canterbury, 1986) was 
used as a reasonable compromise. 
Rate con. were averaged. Assumed that 8509. had a 
mass assignment probJem and averaged the prod. dis
tributions. 
Disregarded 7409. 
Disregarded the prod. distribution from 7203. 
Averaged the 9029 and 7721 prod. distributjons. 
Disregarded 7911 as an early measurement. 
9029 was at 15K. 
Assumed 7901 is in error. 
Used the arguments in 8501. 
Used 7712. 
Disregarded 7911. 
Assume the adduct channel was probably a 3-body 
component. 
Assumed 7901 is in error. 
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C2HtIHCN 

C2HtIH 
C2Ht/CzH2 

C2Ht/C2H4 
C2Ht/C2H6 

CzHt/H 
Ct!D2 

l-C3Ht /CZH2 

l-C3Ht /CzHz 

C4Ht'CzHz 
C4Ht'C2Hz 
C4Ht'CzHz 

c-Cc>HtIHz 

N+/Hz 
N+/CH4 
N+/HzO 
N+/Oz 

N+/NO 
NHtIHz 
NHt/CH4 

VINCENT G. ANICICH 

Used the rate con. from 7712 and averaged prod. dis
tributions from 7712 and 7203. 
Used the 8501 (ICR) result. Assumed that the adduct 
observed in 8011 (SIFf) is the result of a 3-body reac
tion. 
Assumed 7901 is in error. 
Assumed that 7005 measured the saturated 3-body 
rate con. Assumed that the C3Ht channel measured 
in 7703 is in error, since it is endothermic by 49.2 kcal/ 
mol. Assumed that ICR is much better at measuring 
rate con. than SCT. Assumed that 7703, using tandem 
mass spectrometer may have driven the C3Ht chan
nel, but the isotopic exchange reaction measured was 
not driven. 
Assumed 7005 had a 3-body contribution. 
Averaged the more accurate rate con. measurements, 
8305 and 7712. Assumed that the ICR results, 7712, 
might have missed the C3Ht channel .. 
Assumed that the PA(C2Nz) = 161 mkcal/mol. This re
sults in a back reaction of - 8E - 11. This is consistent 
with both 8932 and 8702. 
Assumed 7901 is in error. 
Assumed that the adduct was from a 3-body contribu
tion. 
Selected the 8924 data because it was consistent with 
cooler reactant ions. The proton transfer reaction is 
endothermic by 13.4 kcallmol. 
Used the last In the series of the publications as the 
finial result. There is concern about the association 
channel that is reported. Generally, the association 
channels reported in SIFf measurements are not 
from 2-body kinetics. 
Used the last in the series of the publications as the 
finial result. 
It was assumed th~t 8624 was incorrect. 
CsHt can only be made from I-C3Ht and not from c
C3Ht. It was assumed that 8708 was generating 1-
C3Ht and was disregarded. The results of 9041 are not 
understood in light of the 8708 results. 
Both the CN loss and the H loss channels are en
dothermic by 24.4 and 38.7 kcallmol respectively. It is 
not clear if one is more thermal than the other. A sim
ple average was made. 
Disregarded 7105 and 8709. 
Disregarded 7422 and 8709. 
Assumed 8709 measured the saturated 3-body pro
cess. Averaged the rest compensating for the forma
tion of c -C4Ht . 
Assumed 8709 measured the saturated 3-body pro
cess. 
Assumed 8709 measured the saturated 3-body pro
cess. 
Assumed 8814 accurately determined most Cc>Ht 
from benzene is acyclic. 
Assumed 8814 accurately determined most C6Ht 
from benzene is acyclic. 
Disregarded 8307. 
Disregarded 8514. 
Disregarded 7905. 
Disregarded 6603. Did not average in the 8619 prod. 
distribution, because they did not measure the other 
channels. 
Disregarded 8514. 
Disregarded 6701 in the averaging of the prod. distri
bution. 
Disregarded 6603. 
Disregarded 6702. 
Choose 8010 over 7305. 

NHtIH20 

NHtIHzS 

NHtIHzO 

NHtIH2S 
Nt/D 
Nt 1Hz 
Nt/O 
Nt/Oz 
Nt/Ar 

H20+/CH4 
HzO+/Oz 
HzO+/CO 

HzO+/NO 
Oi/CH4 

Ot/NO 
Ne+/HzO 

Si+/SiH4 

SiH+/H2 

SiHt/SiH4 

P+/PH3 
P+/HCN 
PH+/NH3 
PH+IHzO 
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Disregarded 8617, because the rate con. was much 
larger than the collision rate and the prod. distribu
tions were so much different from the other tech
niques. 
Assumed that the ICR results overlooked the smaller 
and overlapping peaks in the spectrometer. 
8313 has shown the very sensitive nature of this reac
tion to internal energy of the NHt ion. 8313 was 
judged the most thorough analysis and therefore the 
most accurate. It is not clear why 8010 saw no reac
tion. 
Disregarded 7410. 
Assumed 7901 is in error. 
Disregarded 7209, 6907, or 6702 in average. 
Disregarded 6501. 
Disregarded 7209 and 6603. 
This reaction is 4.1 kcallmol endothermic. The ex
pected rate con. is therefore -8E -13. This supports 
the suggested value and also is reasonable for the 
plots in 9107. 
Disregarded 8718. 
Averaged the rate con., but used the SIFf prod. distri
butions since it is more reliable tha,n FA. 
Disn.::ganJt:u 6702. 
Averaged rate con. of 8006 and 8001. Used the prod. 
distribution from 8006. 
Disregarded 7410. 
Have not weighted 7806 very heavy, since it has been 
shown to have large discrepancies in other cases. In 
this case 7806 has a rate constant much higher than 
the collision rate. Averaged the other references. 
Disregarded 7806, since it has been shown to have 
large discrepancies in other cases. In this case 7806 
has a rate con. much higher than the other rates. Dis
regarded the prod. distribution of 8104 because it was 
not strong enough to contradict the other results .. 
Used the prod. distribution of 8001. 
Disregarded 7806. 
Disregarded 7806. Disregarded the endothermic 
channel CO+ reported in 8818. 
Disregarded 7806. 
Disregarded 7314. 
Disregarded 6603. 
There is obviously something wrong with the prod. dis
tribution measurement of 7801. This can be seen when 
a comparison is made of the charge transfer reactions 
in the series He+, Ne+, Ar+, and Kr+. Ne+ would not 
produce more dissociation than He .... 
Assumed authors superseded their earlier data. 
Assumed 9110 had some interfering 3-body compo
nent. 
Assumed 9111 had some interfering 3-body compo
nent. 
Used the collision rate con., 8723 exceeded the colli
sion rate con. and showed that 7213 and 7214 are con
sistent with the energy dependence determined. 
Favored 8722, because it is estimated that the 7609 
channel is 56 kcallmol endothermic 
Favored 7214 over 7313, the SiHt channel in 7313 is 
25.8 kcal/mol endothermic, also the tandem experi
ment states that the kinetic energy of the ion is 1 eV. 
Picked the 7214 rate con" since the tandem experi
ment is known to have energy effects. 
Assumed that the ICR results might have missed the 
NHt peak, due to the large amount of NHt produced 
in a NH3 environment. 
Used a weighted average using known error limits. 
Assumed 8912 had a 3-body contribution. 
Used a weighted average using known error limits. 
Used a weighted average using known error limits. 



PH+/PH3 

PH+/HCN 
S+/CH4 

S+ /l-hS 
HS+/HzO 
HS+/H2S 

Ar+/CO 
Ar+/C02 

Ar+/CSz 

Ar+/NO 
ArH+/H2 
ArH+/CH4 

Kr+/Hg 

CN+/CH4 
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Used a weighted average using known error limits. 
Assumed 8912 had a 3-body contribution. 
Averaged all, weighted the latest results heavier. 
Averaged all, weighted the latest results heavier. 
Averaged all, weighted the latest results heavier. 
Assumed 8401 superseded 7304, averaged 8401 and 
8110 for the rate con. Assumed 8401 for the prod. dis
tribution, since 8110 had measured the HzS + channel 
which is 1.9 kcal/mol endothermic and should not be 
larger than 4%. 
Used 8110, since the proton transfer reaction is 7.0 
kcallrnol endothermic. This corresponds to an ex
pected rate con. of about 8E -15. 
This value agrees with that calculated from the proton 
affinities and the expected equilibrium con. 
Disregarded 8020. 
Used only the latest 4 references. There is some indi
cation in Liao et ai, JCP 85, 3874 (1986) that the 
ground vibrational state of Ar+ is unreactive with N2. 
Disregarded 6605. 
Used 8016, which discounts 7317 and had the same 
authors. 
Disregarded 6605. 
Disregarded 6605. 
Assumed that the authors superseded their earlier 
work 8614 with the results in 8716. 
Disregarded 8020. 
Disregarded 7702. 
Used the 8211 prod. distribution, since 7614 had 
noted that their ArH+ was initially hot and had evi
dence of it cooling during the experiment and that the 
production of CHt is an endothermic process. 
Assumed that the SIFT experiment, 9016, is more re
liable than the TICR experiment, 7612. The TICR re
sults showed that the amount of H2D + was continually 
decreasing. 
Used 8016, which discounts 7317 and had the same 
authors. 
Disregarded 7318. 
Used 8U13, because it was clear which electronic state 
was been investigated. 
Used the SIFf prod. distributions. Assumed that 
there was some energetics problem with the tandem 
ICR CH! beam effecting the prod. distribution. 

Used the SIFT prod. distributions, assumed that there 
was some energetics problem with the tandem ICR's 
CHj -beam effecting the prod. distribution. 
Used the SIFr value for the prod. distribution. 
Disregarded the adduct product of the SIFT experi-
ment. 
A reasonable compromise was made for a prod. distri
bution. The H2CN'" channel was proven not to exist 
by the SIFT experiments. Some of the H2C3N + could 
be coming from a HNC+ reaction. 

HCN+ /HC3N Used authors most recent results. 
HCN+/CO Assumed 8101 missed the rearrangement channel and 

CNC+/HCN 

under estimated the rate can. 
Assumed 8101 missed the rearrangement channel and 
under estimated the rate con. 
Averaged the 8802 and 8012 rate con. Used the 8802 
prod. distribution. 
Assumed the two SIFT results represented saturated 
3-body reactions. 

CHCCN+ /HC3N Assumed 8616 had a 3-body contribution. 
C4N+ !HeN Assumed 8727 had a 3-body contribution. 
HC2Nt /CZH4 Assumed that the adduct was from a 3-body contribu

CO+/Hz 
CO+/H20 
CO+!HzS 
HCO+/HCI 

HOC-I-/H2 
CH20H+/H20 
CH20H+/H2S 
CHzOH+/HCN 

tion. 
Disregarded 6702. 
Used the ICR value for the prod. distribution. 
Used the ICR value for the prod. distribution. 
The thermodynamics agrees with the SIFT results 
more closely. 
Used a weighted average using known error limits. 
Used a weighted average using known error limits. 
Used a weighted average using known error limits. 
Used a weighted average using known error limits. 

CH30Ht IC4H 2 Assumed 9118 had a 3-body contribution. 
cot /H Disregarded 7901. The 7101 prod. distribution seemed 

the most reliable. 
Cot !Hz Disregarded 7207 and 6702. 
cot /02 Disregarded 6804. 
cot /HzS Disregarded the upper limit on the Heot channel, 
CH(OH)t /C4H2 Assumed 9118 had a 3-body contribution. 
CS'" IH2 Disregarded 7414. 
CS+ 10z Used 8401 for prod. distributions, since the ot chan

nel observed by 8303 is 15.4 kcal/mol. endothermic 
and suggest that the 8303 prod. distribution is for hot 
CS'" ions, 
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